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mravallsarTull iani karkasulli Senobebis Runvadi e Bementebi

xistarmaturiani kveTebiT

a. soxaZe, ¢. maisuraZe, 0. CallaZe, i. abramiSvilli*
samoga Bago da samrewve o mSeneb B obis departamenti, sagarTve 1 0s tegnikuri universite-

ti, sagarTvel o, 0175, Tbi B isi, kostavas 77

E-mail: iabramishvili@stucky.ch

reziume: mravallsarTuliani karkasulli
Senobebi, sadac datvirTvebi sagrzZnoblad
didia, rogorc mSeneb B obis procesSi aseve
eqsp Buataciis dros, mizanSewoni lia gamo-
viyenoT rkinabetonis konstruqciebi xis-
tarmaturiani kveTebiT. amis gaTval iswine-
biT gTavazobT svetebs xistarmaturiani
kveTebiT, sadac xist armaturad gamoyene-
bullia tesebri kveTis profi Bebi. Cven mier
warmodgeni B svetebs xistarmaturiani kve-
TebiT garkveu i tegnikur-ekonomikuri upi-
ratesoba agvs.

sakvanZo  sityvebi: mravallsarTulliani
karkasul'i Senobebis svetebi; xistarmatu-
riani kveTebi; xisti armatura tesebri pro-
FillebiT.

1. Sesavalli

mravaBsarTulliani karkasuli Senobebis
svetebi egscentriullad SekumSulli el emen-
tebia romel Ta deformacias iwvevs mRunavi
momentebisa da grZivi Zalebis erToblivi
mogmedeba. xistarmaturiani kveTebi gamoiye-
neba iseT SenobebSi, sadac datvirTvebi
sagrZznoblad didia, xoBlo svetis kveTis
zomebi SezRudu Bi. xistarmaturiani kveTebi
ZiriTadad Sedgeba: xisti profi lisagan, ar-
maturis Rerosagan da makavSirebeli elle-
mentebisagan, romell Ta nairsaxeobebi gamo-
saxu Bia l-el nax-ze.

2. ZiriTadi nawi Bi

svetis kveTis simtkice da sixiste Ziri-
Tadad damokidebulia kveTis h simaRBeze
da mokBe gverdis gaswvriv ganBagebull ar-
maturis Reroebis FfarTobze. kol onis kve-
Tis armirebis magaliTebi Reroebis reko-
mendebu B i raodenobiT naCvenebia me-2 nax-ze.

unda aRiniSnos, rom rodesac Reroebis
raodenoba aWarbebs rekomendebull
xdeba pi Bonis armnirebis tipze gadasvila

min 25

min 50

400-500

b=

h<1500

h<1500

nax. 2

min 50

600-800

b=l

ricxvs
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xistarmaturian kveTebSi xisti profilis
ganlageba ise unda moxdes, rom kveTis yve-
Ba wertillSi betonis TavisuFBlad moxve-
dris mizniT ar iWrebodes svetis kveTl.

Ne 2 (488), 2013

riani sxvadasxva kveTis svetebi, sadac xist
profilad gamoyenebulia tesebri kveTis
profi lebi, xol o makavSirebell el ementebad
kuTxovanisa da Sveleris proFfillebi (nax. 3).

Cven mier damuSavebull igna xistarmatu-
min 50
T bl bf<1500
2 [ ] 8
c
£ 1 ] g
j tﬂ =] H’ o L] ﬁ ] 0 2] (o]
| | 8 5 : : o
£ o
| X | lﬂ [ X E &7 Fﬂ g
| 1|
F
h<1500 T \
§ ] 2 [+] 9
2
o ] ] al
I : - [ r—
s . - :
’ b=600-800
o e ]
b=600-800
nax. 3

aseTi tipis kveTis angariSi egscentrikul
kumSvaze warmoebs iseve rogorc mogni Barma-
turiani aracentralurad SekumSulli elemen-
tis SemTxvevaSi. mrTkuTxa profillis aracen-

tralurad SekumSulli elementis grZivi Rer-
Zisadmi normatiulli kveTis Zalvebis sgema
simtkiceze gaangariSebisas, didi egscentri-
sitetis SemTxvevaSi naCvenebia me-4 nax-ze.

N
o Rb,
® T T—r
—— RscAs'
% z ——  RsrAsr,p
—— RbAb
© —
— —_—
@
RsrAsr,t
RsAs
As
nax. 4
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wonasworobis pirveli pirobis Tanaxmad,
pirobiT, rom kveTaze mogmedi Zalebis geg-
mi Bebis jami eBementis grZiv RerZze nullis
tolia, miviRebT

N = RyA, + Ry As + (R — Rb)Asr,c — R4 —
_RsrAsr,t-

saidanac ganisazRvreba SekumSulli Zzonis
simaR Be mocemu B'i kveTisaTvis.
wonasworobis meore pirobis Tanaxmad,
pirobiT, rom kveTaze mogmedi Zalebis mo-
mentebis jJami gaWimuBli armaturis kveTis
simZimis centrze gamavalli RerZis nmimarT
nulis tolia, nmiviRebT simtkicis Fformu-

las

Ne; < RpAp(hy — 0,5x) + Ry As(hg —a’) + (Rgr —
_Rb)Asr,chr'

mogni Bi aracentralurad SekumSulli elle-
mentebis gaangariSeba warmoebs gadidebulli
egscentrisitetis mixedviT. simtkicis piro-
baSi £ manzi i grZivi Zalidan gaWinulli zo-
nis grzivi muSa armaturis simZimis cen-
trande dadgindeba FormuliT e =¢eyn + y;.

mogni Bi e lementebis gaRunvis gasaTva-
Hisinebeli n koeFicienti iangariSeba for-
muliT:

L
1

Ne 2 (488), 2013

"= (=)

N aris saangariSo grZivi Zalla N,
aris pirobiT kritikulli grzZivi Zalla

_ 64E,[7 (011
Now =222 (0,1+5 +0.1) +ocg, Ty +oc
aq
_ Esr _Es
XK= B Xs= B
b b

Cven mier warmodgeni | xistarmaturiani
kveTis SemTxvevaSi mogni Bobisa da dat-
virTvis mogmedebis xangrZl ivobis gavlenis
gaTval iswinebiT SesaZBebelia svetis h si-
maR B is Semcireba 30%-mde.

amasTan, svetebisaTvis BiTonis karkase-
bis mowyoba SesaZlBebelBia 12-m simaR Beze,
rac Tavis mxriv iZlBleva mognili armaturis
10 — 15%-iT ekonomias (xdeba mogni Bi arma-
turis pirgadadebiT gadabmis zonebis Sem-
cireba mTell simaR Beze).

aRniSnu i xistarmaturiani kveTebis ga-
moyeneba SesaZBeb M obas iZBeva svetebs So-
ris garTullebis gareSe movawyoT HBiTonis
Jvaredini kavSirebi, rac Tavis mxriv aamaR-
B ebs mT Biani Senobis sixistes (nax. 5).

3

LN

NN

&
1

ax. 5

3
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3. daskvna literatura

mravalsarTulian karkasull SenobebSi 1. BoHpgapeHko B.M. CyBopkuH [.I. YXene3o6eToHHbIe 1
Cven mier warmodgeni I svetebs Xistarmatu- KaMeHHbIe KOHCTPYKLMN. M.: BbicLas Wwkona, 1987 .
riani  kveTebiT garkveuli tegnikur-eko- 2 Fajikos B.H., Curanos 3.E. Yeneso6eToHHble KOH-
nomikuri upiratesoba agvs. CTpyKUmn. M.: CTpoiinsaar, 1976 1.
UDC 624.15

THE MULTISTORY FRAME BUILDINGS COLUMNS WITH RIGID REINFORCED SECTIONS

A. Sokhadze, G. Maisuradze, L. Chaladze, I. Abramishvili
Department of civil and industrial engineering, Georgian Technical University, 77, Kostava str, Thilisi, 0175, Georgia

Resume: The multistory frame buildings, where loadings are significantly larger during construction, as well as in
exploitation, are frequent in the modern construction. In this case it is reasonable to use reinforced concrete elements
with rigid reinforced sections. With that in mind we offer you bended element with rigid reinforced section, in which
T-section profiles are used as rigid reinforcement. Above suggested columns with rigid reinforced sections have defini-
tive technical-economic advantage.

Key words: multistory frame buildings columns; rigid reinforced sections; rigid reinforcement with T-section pro-
files.

YK 624.15
KOMOHHbI MHOTO3TAXHbIX KAPKACHBIX 3[1AHWI C YXECTKAM CEYEHVEM APMATYPb

Coxapase A.M., Mancypapgse I'.[x., Yanagse J1.P., Abpamuwsunam A.T.
[lenapTaMeHT TpaXkaHCKOro M MPOMbILLIEHHOTO CTPOUTENbCTBA, PY3NHCKUIA TEXHWYECKWIA YHUBEPCUTET, py3us,
0175, Teunnucw, yn. Koctaea, 77

Pe3tome: Mpu cTpOMTENbCTBE MHOTOSTAXHbBIX KAPKACHBIX 3[aHWiA, e Harpy3ka 3HauMTeNbHO GOMblle Kak BO
BPEMsi CTPOWUTENILHOTO MPOLeCca, TaK W B TeUeHMe aKCM/yaTalmy, PEKOMEH/YETCS UCMOMb30BaTh Xene306eTOHHbIe
KOHCTPYKLIMM C XKECTKO apMMPOBaHHLIM CeueHneM. VIMest aTO B BMAY, Mbl NpeAnaraeM KOJMOHHbI C XKECTKO
apMVPOBaHHLIM  CEYEHWEM, T[le WCMOMb30BaHbl NPOMUAM  HKECTKOW apmatypbl ¢ T-06pa3HbIM  CeyYeHMeM.
MpeanoXeHHbIE HAMW  KOJIOHHbI C )KECTKAM apMMPOBAHHbIM CEYEHWEM WMEIT OnpefeneHHoe TeXHWKO-
3KOHOMMWYECKOE MPEUMYLLECTBO.

KnoueBble C10Ba: KOMOHHBI MHOTO3TXHbIX KApPKACHBIX 3[aHWIA; )XECTKO apMUPOBAHHBIE CEYEHWS!; XKECTKasl
apmarypa ¢ T-06pasHbiM npoduiem.

miRebu B 1a dasabelWdad 11022013
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mravallsarTull iani karkasulli Senobebis Runvadi e Bementebi

xistarmaturiani kveTebiT
1. CallaZe

samoga B aqgo da samrewve B o mSeneb B obis departamenti, sagarTve B os tegnikuri universiteti,

sagarTve b o, 0175, Thi Bisi, kostavas 77

E-mail: levan.chaladze@tbilisi.gov.ge

reziume: Tanamedrove mSeneb B obaSi xSi-
ria mravallsarTuliani karkasulli Senobebi,
sadac datvirTvebi sagrZznobBlad didia, ro-
gorc mSeneb B obis procesSi aseve eqsplua-
taciis dros. aseT SemTxvevaSi mizanSewo-
ni Bia gamoviyenoT rkinabetonis konstrug-
ciebi xistarmaturiani kveTebiT. amis gaT-
val iswinebiT gTavazobT Runvad eBements
xistarmaturiani kveTiT, sadac xist arma-
turad gamoyenebulia perforirebulli HBi-
Tonis ortesebri koWi. mT B ianked B iani kve-
Tisgan gansxvavebiT perforirebulli xisti
armaturis gamoyeneba masallis ekononmiis
xar jze saSuallebas iZBeva avamaR B OT simt-
kicisa da sixistis maxasiaTeb N ebi.

rkinabetonis Runvadi
kveTi; perfo-

sakvanZo sityvebi:
e B ementebi; xistarmaturiani
rirebulli BiTonis koWi.

1. Sesavalli
mravalsarTuliani karkasulli Senobebis
Runvadi e Bementebi xistarmaturiani kveTe-
biT ganpirobebulia, roca masze mosuli
Zalvebi didia betonis gamkvrivebamde xisti
armatura muSaobs rogorc HBiTonkonstrug-
cia, rome Bsac mSeneb B obis procesSi uwevs
warmogmni Bi1 datvirTvebis atana, xolo be-
tonis gamkvrivebis Semdeg is erTveba mu-
SaobaSi rogorc rkinabetonis Semadgeneli
nawi B 1.

2. ZiriTadi nawi Bi

xistarmaturiani kveTis Runvadi e lemen-
tebis gaangariSebis dros vawydebiT or
SemTxvevas: | roca SekumSull zonaSi ar
gvxvdeba xisti armaturis profillebi da Il
roca SekumSull zonas kveTs xisti armatu-
ris profili (nax. 1)
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. T
A, PR = RscAs
s ] %] s
//// © =
E L e LA ] A
= —— E— =
. RsAs
b Rsr
Rsr Rb
RscAs' —
= = = o o
— RsAs
T
© Rsr
b 1

nax. 1
I SemTxvevaSi simtkicis piroba gamoisax-
eba Semdegnairad:
M < Rybx(ho — 0,5;) + RecAs(hy — a'),
Tu x > &by
M < Rpbh3&x(1 — 0.5&;) + R, AL(hy — a').
SekumSu i zonis simaR Be gamoiangariSe-
ba formuliT:
x = (RgAsr + RsAs — RscAs) /(DRp) < G,
Il SemTxvevaSi simtkicis piroba gamoisax-
eba Semdegnairad:
M < 0.5R,b2 + Ry, [Wy; + (r — x)%6,] +
+RsAs(h’ - X) + RscAls(x - a,)v
sadac W, aris winaRobis pHRastikuri mo-
menti.
SekumSu i zonis simaR Be gamoiangariSe-
ba FormulliT:
x = (2R 6¢r + RyAs — RscAs) /(bR + 2R, 6¢)
karkasul'i Senobebis rigeBebSi malis
mTel sigrZeze xdeba gaWimuli da SekumSu-
Bi zonebis monacvBeoba (nax. 2), amitom, mi-
zanSewoni Bia gamoviyenoT xistarmaturiani
kveTis Il SemTxveva.
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Cvens SemTxvevaSi xist profillad miRebu-
Bia perforirebulli ked Bis mgone ortesebri

Ne 2 (488), 2013

vebi Warbobs qveda zonaSi warmogmni B Zall-
vebs, amitom mizanSewoni Bia xisti profilli
SevadginoT am pirobis gaTval iswinebiT.
perforirebulli xisti profilis Cadeba
ganpirobebulia imis gamo, rom rigelebi
RunvasTan erTad ganicdis grexas, ris ga-
moc rigelis kveTis bortebze xdeba muSa
armaturis Cadeba, xolo didi @, ganivi Za-
Bebis gamo ki am sibrtyeSi armaturebis sa-
kidebiT erTmaneTTan dakavSireba. mT Niank-
veTiani xisti profilis SemTxvevaSi es
faqtiurad SeuzBebeli igneboda Tu ar
CavTvBiT SeduRebiT SeerTebas (nax. 3).

koWi. imis gamo, rom kveTis zeda zonaSi Zall-
f f \ / A f A
2 — — — —t
T = / (N L N \ o
PR R R Y
a3 ! ry Al i ! \\ /!
b
N A
nax. 3

perforirebuli xisti proFfillis sgema
naCvenebia (nax. 4), sadac rekomendebull ia da-
vicvaT Semdegi damokidebu N ebebi.

FEEAY,Y;

T—Ifﬁ -1 14
e ®1
b4 ® =X
T \_) t) ¥
F mm,_b X2
|_.._
nax. 4
h, = (0,6 + 0,75)h a=90 ,
o= 40+ 70°, k = 250

Cven mier warmodgeni Bi xistarmaturiani
kveTis simtkiceze gaangariSeba warmoebs
zemoT moyvaniBi Il variantis formulebis
mixedviT, sadac W, aiReba perforirebulli

BiTonis koWis x—x RerZis mimarT wina-
Robis momentis mixedviT.

perforirebulli koWi 1, 2, 3, 4 wertilebi-
saTvis unda akmayoFi Bebdes Semdeg pirobebs:

zedatesebri profilisaTvis:
Myhq Qr1a
< .
Jx | 2Wimax ~ Ryavei
Myhy Qr1a < Ryive
Jx 2W1,max v '
gvedatesebri profilisaTvis
Myhy Qr2a .
gzt <
Jx  2Wamax Ryave;
Myh, + Qr2a < RuzYc
Jx 2W2 max T v '
sayrdeni kveTisaTvis:

Qr3s_ Rs)’sl

6tah3
sadac M, aris kveTSi mRunavi momenti ro-

me B sac itans perforirebuli BiTonis koWi.
J>
Qr QrJ” Q= Qg
Q, aris koWis kveTSi ganivi Zalla, romel-
sac itans perforirebulli BiTonis koWi.
Qr=0Q—0Qp—Qsw
amasTan, perforirebulli HBiTonis koWi
unda akmayo¥i Bebdes ganivi Zallebis pirobas.

H RswA k,Rpbh3
Q S (h_ 6tRsr 4 SW. sw,n) CO + 20p 0.
0 u Co
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3. daskvna Iiteratura
mravaBsarTuliani karkasuli Senobebis 1 BoHgapeHko B.M. CysopkuH [A.I. >Keneso6e-
Runvad e BementebSi, xistarmaturiani kveTe- TOHHbIE M KaMeHHble KOHCTPYKumW. M.: Bbiciuast

bis xist armaturad perforirebulli RBiTo-
nis koWebis gamoyeneba saSuallebas iZBeva
simtkicisa da sixistis maxasiaTebBlebis
amaR Bebas masall is ekonomiis xarjze BiTo-
nis karkasis mowyobis teqno B ogiuri pro-
cesis gamartivebas.

Wwkona, 1987 r.

2. baiikoe B.H, Cwuranos 3.E. >Xene3o6eToHHble
KOHCTpyKUuK. M.: CTponnsaat, 1976 .

3. CHull 11-23-81. MeTannmyeckne KOHCTPYKUNN.

UDC 624.15
THE MULTISTORY FRAME BUILDINGS BENDING ELEMENTS WITH RIGID REINFORCED SECTIONS

L. Chaladze
Department of civil and industrial engineering, Georgian Technical University, 77, Kostava str, Thilisi, 0175, Georgia

Resume: The multistory frame buildings, where loadings are significantly larger during construction, as well as in
exploitation, are frequent in the modern construction. In this case it is reasonable to use reinforced concrete elements
with rigid reinforced sections. With that in mind we offer you bended elements with rigid reinforced section, in which
perforated double T section beam is rigid reinforcement. Unlike normal section perforated rigid reinforcement gives
us ability to increase indices of strength and hardness with less material.

Key words: reinforced concrete bending elements; rigidd reinforced section; perforated metal beam.

YK 624.15
FMBKWE 3NEMEHTBI MHOTO3TAXHbIX KAPKACHbBIX 3[JAHWN C XXECTKUM CEYEHVEM
APMATYPbI

Yanapase J1.P.
[JlenapTaMeHT rpaxgaHCKoro M NPOMBILLIEHHOTO CTPOUTENbCTBA, PY3MHCKMUIA TEXHWYECKWIA YHUBEPCUTET, [py3us,
0175, Teunucw, yn. Koctaea, 77

Pe3tomMe: B coBpeMeHHOM CTPOMTE/bCTBE YacTO BCTPEYAOTCA MHOMO3TaXHbIE KapKacHble 3[aHus, rae Harpyska
3HauMTENbHO 6O/blie Kak BO BpeMs CTPOMTENbHOTO Mpolecca, Tak U B TeYeHMe 3Kch/yartauuu. B atom criyuae
PEKOMEHAYETCS MCMOJb30BaTb YKEE306ETOHHbBIE KOHCTPYKLMM C XKECTKO apMUPOBaHHbIM CeveHueM. Vimes 3To B
BUAY, Mbl NPearaem rubkme aNeMeHTbI ¢ XXECTKO apMUPOBaHHBIM CEYEHUEM, TAe NepdOpPUPOBaHHBIA ABYTABP - 3TO
KECTKasi apmatypa. B oT/imuve OT LeN0CTEHOBLIX CEUYEHMIA, MCMOJb30BaHME NEPHOPUPOBAHHON XECTKOV apMaTypsl
MOMOraeT NoBbLICUTb NOKA3aTe M MPOYHOCTM 1 TBEPLOCTM 3a CHET IKOHOMHOTO pacxofa mMarepuana.

KntoueBble CNoBa: »ene3obeToHHble TMOKUE 3NEMEHTbI; XKECTKO apMUPOBaHHbIE CeueHus:; nepdoprpoBaHHas
MeTa/IIMyecKas basika.

miRebu B ia dasabelWdad 11.02.2013
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sainJinro nagebobebisa da maTi e Bementebis saeqsp Buatacio
mdgradoba-vargisianobis maxasiaTebe i parametrebis eqspertulli

Sefasebis meTodika

z. cixelaSvilli* g. jerenaSvilli, S. cixelaSvilli, a grigoliSvili, i. margallitaZe
wya B momaragebis, wyaBarinebis, Thoairmomaragebisa da SenobaTa sainJinro aRWurvis departa-
menti, sagarTve B os tegnikuri universiteti, sagarTve bl o, 0175 Tbi Bisi, kostavas 77

E-mail: zaur_tsikhe@mail.ru

reziume: SemoTavazebulBia sainJinro na-
gebobebisa da maTi elementebis saeqsplua-
tacio mdgradoba-vargisianobis maxasiaTe-
beli parametrebis subieqtur-xarisxobrivi
Sefasebis gansazRvris meTodika, rac “aram-
kaFio~ HBogikuri regulatoris“ principis
gamoyenebiT (stogastikuri ganusazRvrell o-
bis pirobebSi) saanalizo parametrebis su-
bieqgtur da egsperimentull ganazomTa “aram-
kaFio” saxis monacemTa maTematikuri damu-
Savebisa da Sesabamisad efeqturi eqsper-
tulli gadawyveti Bebebis miRebis saSuale-
bas izl eva

sakvanZo sityvebi: sainJinro nagebobebi;
e B ementebi; saeqsp Buatacio mdgradoba-
vargisianobis maxasiaTebeli parametrebi;
eqspertulli Sefasebis meTodika; “aramkaFio
B ogikuri regullatori~ stogastikuri ga-
nusazRvre B oba; deskrifciulli modelireba;
gurvicis kriteriumi; efeqturi eqgspertulli
gadawyveti B eba.

1. Sesavalli

sainJinro Senoba-nagebobebi da maTi Semad-
gene Bi elementebi (FuZe-saZirkvBebi da sxva)
xangrZBivi egspBluataciis procesSi sxva-
dasxva saxis bunebrivi da katastrofulli (mi-
wisZvra, mewyeri da sxva) movBenebis arasa-
survel zemogmedebas ganicdian, rac Sedegad,
mdgradoba-vargisianobis dagegmi i normati-
ulli maxasiaTebeBi parametrebis iZullebiT
cvlilebas iwvevs da avariulli mdgomareobis
gamomwvev mizezebad gvev Il ineba.

aRniSnul konteqstSi mniSvne B ovania
sainJinro Senoba-nagebobebis da maTi call ke-
ulli Semadgene i elementebis (FuZe-saZirkv-
Bebi da sxva) saeqspBuatacio mdgradoba-
vargisunarianobis maxasiaTebeB i parametre-

16

bis Sefasebis meTodikis SemuSaveba, rasac
winamdebare naSromi eZRvneba.

2. ZiriTadi nawi i

rogorc cnobilia sainJinro Senoba-na-
gebobebis da maTi Semadgene Bi e lementebis
(FuZe-saZirkvlebi da sxva) daproegtebisas
iTvaliswineben maTi saeqspBuatacio vargi-
sunarianobis maxasiaTebel maCveneb H ebs,
romBebsac ZiriTadad iReben normatiulli
mniSvne B obebis mixedviT. magram unda aRi-
nisSnos, rom xangrZHUlivi egspBuataciis pro-
cesSi SesaZlebelia am Fagtorebidan, ro-
me B ime maxasiaTebeli parametris eqstrema-
Buri mniSvne B oba ar dakmayofi B des an Ki-
dev daerTos katastrofulli movBenis (mi-
wisZvra, mewyeri da sxva) zemogmedeba-ganvi-
Tarebis iseTi mdgomareoba, ramac SeiZlleba
gamoiwvios avariulli SemTxvevebi. agedan ga-
momdinare xangrZUBiv egsp BuataciaSi myofi
sainJinro nagebobebisaTvis (FuZe-saZirkvle-
bis da sxva elementebis) saeqspluatacio
mdgradoba-vargisunarianobis maxasiaTebell i
parametrebis Sefaseba rTulli sainJinro da
Znelad Formall izebadi amocanaa, xo B o misi
gadawyveta - aqtualuri.

zogadad ew. “aramkaFio Bogikuri re-
gulatoris~ principis gamoyeneba SesaZ-
BebBobas iZBleva gadawyvetill ignes sak-
vlevi sainJinro da ZneBlad formall izebadi
amocana, rac, rig SemTxvevebSi, cnobilli
analitikuri saxis maTematikuri meTodebis
gamoyenebiT SeiZlBeba ver moxerxdes [1]. am
SemTxvevaSi garda “aramkafio Bogikuri re-
gullatorisa~, kompleqsurad mimarTaven ew
ara Formaluri maTematikuri aRweris mid-
gomis gamoyenebas stogastikuri ganusazRv-
re B obis pirobebSi [2] deskrifciulli mod-
elirebis meTodis gamoyenebiT [1]. Sedegad,
srulldeba subieqturi da eqgsperimentulli
saxis ganazomTa “aramkaFio” (aramkveTri)
saxis monacemebis damuSaveba, rac eqspertis
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(an eqspertTa jJguFis) mier generirebulli
subieqtur-xarisxobrivi Sefasebebis mixed-
viT efeqturi gadawyveti Bebis miRebis sa-
FfuZvels iZBeva am amocanis gadasawyvetad
Cven mier ganazomTa monacemebis dasamuSa-

Ne 2 (488), 2013

vebBad, da Sesabamisad, gadawyveti Bebebis
misaRebad SemoTavazebulia “aramkafio H0o-
gikuri regulirebis~ principis gamoyeneba
(rogorc mravalkriteriulli amocanis), ro-
me B ic warmodgeni I ia naxazze:

1] 2] 3]

36535H@gd0L 3o020LybsMmosbmdols

dobolinomgdgema 00939016305 @0 0begdLob bgdogddae-
35®a3g3@gdols ’ Fgg3obgos — batobbmodogo

aopsbmgdols »oMa3gogom 0b@gaGomu®o Bggslgds
2odmmgens bgsangdom ©gbg@ogEogmo
dmpgmomgdon
aramka¥Fio Bogikuri regulatori
l-eBli bBoki moicavs sakvBevi obieqtis tilleba 1iRebs Sualledur mniSvnelBobas -

Sesaxeb maxasiaTebe Bi parametrebis gadaxre-
bis Sesaxeb infFormacias; me-2 bBOKIT su-
bieqtur-xarisxobrivi skallebis Sesabamisad
ganisazRvreba saanalizo ‘“aramkaFio~ xasia-
Tis parametrebis diferencialuri Sefasebebi:
“cudi mdgomareoba~ - 000 - 037; "Sualeduri
mdgomareoba~ - 0.37-067; “kargi mdgomareoba~ -
067-1.00. ag 0 — Seesabameba abso Buturad cud
mdgomareobas, xolo 1 — absoButurad karg
mdgomareobas. me-3 bBokiT ganisazRvreba Se-
noba-nagebobebis (FuZe-saZirkvBebi da sxv)
vargisunarianobis indegsis (integralluri
maCveneb B is) maxasiaTebeBi parametrebis su-
bieqtur-xarisxobrivi integralluri Sefaseba
igive moyvaniBli gradaciebis Sesabamisad:
cudi, damakmayofi Bebeli, kargi. G

garda amisa, stogastikuri ganusazRvre-
B obis pirobebSi egspertulli gadawyveti le-
bebis simravlis TformirebaSi, kompHleqsurad
rekomendebu B ia gamoyenebu l ignes gurvicis
pesimizm-optimizmis kriteriumi. am SemTx-
vevaSi egspertebi efeqturi gadawyveti Bebis
misaRebad xe BmZRvane Boben, arc ukiduresi
pesimizmis (yove B Tvis gaiTvaliswine uaresi))
da arc ukiduresi uazro optimnizmis princi-
piT (yveBaFeri moxdeba saukeTesod!). gur-
vicis kriteriunmi rekomendacias iZBeva
eqspertuli Sefasebis varaudi daemyaros maT
Soris aRebull raime Sualledur sidides.
Kkriteriums gaaCnia Semdegi saxe [2]:

H = max [a min Bij + (1-a) max Bij],
I<ikm  I<j<n 1<i<m

sadac a-raime koeFicientia, romelic SeirCeva
0-da 1-s Soris. rodesac 0< a <1, gadawyve-
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ukidures pesimizmsa da ukidures optimizms
Soris. zogadad, a koeFicientis SerCeva ata-
rebs subieqtur xasiaTs da misi aReba
damokidebu N ia eqgspertis mier ganviTarebulli
Sefasebis xasiaTze. amave dros, eqspertebi,
Tavis dazRvevis mizniT, cdiloben gadawyve-
tilebaTa miRebis procesSi a - koeFicientis
mniSvne B oba aiRon 1-Tan miax B oebiT.

3. daskvna

SemoTavazebu B ia sainJinro nagebobebisa
da maTi e Bementebis saeqspBuatacio mdgra-
doba-vargisianobis maxasiaTebeli paramet-
rebis subieqtur-xarisxobrivi  SeFfasebis
gansazRvris meTodika, rac “aramkafFio~ Bo-
gikuri regulatoris” principis gamoyenebiT
(stogastikuri ganusazRvre B obis pirobebSi)
saanall izo parametrebis subieqtur da egs-
perimentull ganazomTa “aramkafio” saxis mo-
nacemTa maTematikuri damuSavebisa da Sesa-
bamisad eFfeqturi egspertulli gadawyveti-
I ebebis miRebis saSuallebas iZBeva
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Resume: There is offered the methods of determining subjective - criterial estimates of characteristic parame-
ters of stability, profitability for buildings, structures and their elements in the process of long life, that with the use of
"fuzzy logic controller” (in terms of stochastic uncertainty) allows mathematical processing of the measured "fuzzy"
nature of the subjective and experimental data and obtain an effective peer review.

Key words: engineering buildings; elements; parameters of operational stability-profitability; methodics of expe-
rimental estimate; “fuzzylogic controller”; stochastic uncertainty; descriptive modelling; criterion of Gurvits; effective
experimental decision.
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Pestome: Tpepgnaraetca MeToAMKa ONPEAENeHnss CyObeKTUBHO-KPUTEPUA/IbHBIX  OLEHOK  XapaKTepHbIX
napameTpoB 3KCM/yaTaLMOHHOM YCTONYMBOCTM-BLIFOAHOCTN ANt MHXXEHEPHbIX COOPY>KEHWIA U UX 3NEMEHTOB, YTO C
NPUMEHEHNEM “HEYETKOro JIOTMYECKOro perynstopa” (B YCMOBMSX CTOXacTMYECKO HeonpeaeneHHOCTM) Aaet
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YK 621.314.5/6

OBOBLEHVE KOHEYHO-PA3SHOCTHOIO METOAA NCCNEAOBAHNA MEPEXOAHBIX
SNEKTPOMAIHNTHbBIX NMPOLECCOB B NMPEOBPA3OBATE/IAX TOKA

B.T. Mennknwsunn

[lenapTaMeHT 3/IEKTPOTEXHUKU W 3NIEKTPOHMUKN, TPY3NHCKWIA TeXHMYEeCKniA yHmuBepcuTeT, Ipyaus, 0175, Teunuck, yn.

KocrtaBa 77

E-mail: melikishvili37@mail.ru

Pestome: VI3N0XEHO pelleHne W3BECTHOW B Teopumn
npeobpa3oBaHus TOKa NpobMembl, 3aknlouvatoLlelics B
BbIBOZE Pa3HOCTHbIX YPaBHEHWUI, He CcofepXallux Yrios
KOMMyTaLmMy Mpu MoBbIX COYETaHUAX WHOYKTUBHBIX U
aKTVBHbIX  COMPOTUBMIEHWA  CXeMbl.  Pa3paboTaHHbIM
METOA0M AMCKPETHO 3KBUBANEHTHbIX ypaBHeHWiA (MA3JY)
yAaiocb Noay4nTb 0606LLEHHOE Pa3HOCTHOE YpaBHEHVEe
yKa3aHHOro Tuna, MO3BO/AIOLLEE WCCNeaoBaTb TOUHbIE
3aKOHOMEPHOCTN  MEPEX0AHbIX MPOLECCOB B CUMMET-
PUYHbIX Npeobpasosatessix (BbINPAMUTENSX U MHBEPTOPAX)
noboin hasHocTU. B pesynbrate peLleHnst YnoMsHyTOl
npo6nemMbl  CyLIECTBEHHO MOBbILIAETCA PO/b  MEeToAda
Pa3HOCTHbIX YPaBHEHWIA B U3YYEHWUWN CTATUKN U ANHAMUKA
npeobpasoBaresnei Toka.

KntoueBble coBa: npeo6pasoBatesib TOKa; BbINPSAMU-
TeNb; VHBEPTOP; Yron KOMMyTauuW; MepexogHbie U
YCTAHOBMBLUMECS MPOLLECChI; AWCKPETHO 3KBUBA/IEHTHbIE
andihepeHUManbHbIE YPaBHEHNST; PAa3HOCTHbIE YPABHEHYSI.

1. BBEAEHME

BeHTubHbIE Npeobpa3oBaTenn Toka (BbIMPAMUTENN 1
WHBEPTOpPbI) OTHOCATCS K IPYNne HENMHENHbIX OOBLEKTOB,
XapaKTEPU3YIOLMXCA BPEMEHHOI MOBTOPSIEMOCTBIO Mapa-
METPOB, MPUYEM MNOC/EAHMNE MEHSIOTCS AUCKPETHO U B
06LIEM CMlyyae He Yepe3 paBHble WHTEPBa/IbI BPEMEHW.
[JVCKpETHBI XapakTep M3MEHEHMS NapameTpoB Npeobpa-
30Baresieli B MOMEHTbI OTMPaHMSA 1 3anypaHnst BEHTUNEN
006YC10BU NPYBNEYEHNE OHOTO U3 METOL0B AMCKPETHOM
MaTeMaTuKN — MeToAa PasHOCTHbIX YPaBHEHWIA 41s aHa-
NN3a 3MEKTPOMArHWTHBIX MPOLIECCOB B HMX. MHoroumc-
NleHHble Ny6avKauumn yoeamnTensHo CBUAETENBCTBYIOT, UTO
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MEeTOZ, PasHOCTHbIX YpaBHEHUIA ABNSETCS YAa4yHO nogoob-
paHHbIM “MaTeMaTnyecKMm KIH4oM™ uccnefoBaHus pas-
HOOGPa3HbIX NEPEXOAHbIX U YCTAHOBUBLUMXCS MPOLIECCOB B
Lensx C BEHTWbHbIMK NpeobpasoBateniaMmn. PheKTnB-
HOCTb 3TOr0 MeTofa 06yc/oB/eHa TeM, UTO 34ecb MosB-
NeTCA  BO3MOXKHOCTb  Pacu/IEHEHMSI  CIOXKHOA  3afaum
HaXOXAEHWS MOMHOM HeNnpepbIBHON KapTUHbLI MPOTEKaHMA
nccneayemoro npoLecca Ha ABe CpaBHUTENbHO 06/eryeH-
Hble MoA3afayun, ofHa U3 KOTOPbIX 3aK/ovaeTcs B 0TOope
NH(opMaLmmn 06 N3MEHEHUM pacCMaTPUBAEMOI BENIMUMHBI
B CreuyasbHO MOA06paHHble  AWCKPETHLIE  MOMEHTI
BpemMeHW. Bropas e nofsafaya CBOAWUTCA K BOCCTAHOB-
JIEHVIO MO VIMEIOWMMCS  OUCKPETHbIM  [aHHLIM TOYHO
HEeNpPepPbIBHOM MHOPMaL O X04e NPOoLiecca Ha OTpe3sKax
BPEMEeHU, 3aKYEHHbIX MeXay NobbIMK ABYMS nocneay-
owmmMm - avckpetamu.  iHaue roBopsl, Ha OCHOBaHWW
NO/YYEHHON NOC/e peLleHns NepBoli Noa3adadn AMCKpPeT-
HOI MH(hOpMaLMK peLlaeTcs BTopas nogsajada, cpaBHU-
Te/NbHO 06/1ervyeHHas, B pesysbTare Yero nosyyaem rnosiHyo
HENPEpPbLIBHYIO KapTWHY MPOTEKaHUsA WCCNeAyeMOoro npo-
Lecca. OfHaKo B NoAaBNsAoLLEM 6O/BLLIMHCTBE Cly4Yaes HeT
NPaKTUYeCKON Hago6HOCTN PeELLEHWsI BTOPON Nogsagaun,
T.K. NOMly4eHHasn B pesy/ibTare peLleHns Nepeoii nog3afaqm
[OVICKPETHas MHopMmaums SBASETCS TOYHOM UM OHa C
[OCTaTOYHOWA AN WHXEHEPHOW MNPaKTMKM  TOYHOCTHIO
annpoKCUMUPYeT BCIO HEMPEPbIBHYIO KApTUHY NpOTeKaHWs
npouecca. MoatoMmy Havbonee BaXXHONW SBMSETCS nepsast
nofsagaya, Tpebytollas COCTaB/EHWA U peLleHns pas-
HOCTHBIX YPaBHEHWIA.

Takum 06pa3om, MeToZ, Pa3HOCTHbIX YpaBHEHMIA N03-
BONSET CYLUECTBEHHO YMNPOCTUTb CNOXHYIO 3ajady pac-
yeTa 3/1EKTPOMArHUTHbIX MPOLECCOB B Mpeobpaso-
BaTensx U TeM caMbIM OTKPbIBAeT HOBble BO3MOXHOCTM
nccnefoBaHns 60/1ee CNOXHBIX 3afadv, pelleHne Ko-
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TOPbIX APYrMMK MeToAamu HEBO3MOXHO 6e3 YCTYNKu B
TOYHOCTW aHanun3a. [loCcTOMHCTBa KOHEUYHO-Pa3HOCTHOrO
MeToAa 0co60 SIPKO NPOSBAAIOTCS, EC/IN HA BOOPY>XEHUN
MMEIOTCS Pa3HOCTHbIE YpaBHEHMS, He cofepxalime ne-
PEMEHHbIX U HEW3BECTHbIX Yr/I0B KOMMYyTauuu, B Npo-
TMBHOM >Xe CNlyyae NpeumyllecTBa MeToga 6yayT CuibHO
3aHWKeHbl, 60 BOBCE YTepPsiHbI. [103TOMY LEeHTpasb-
HbIM MOMEHTOM aHa/n3a MpPOLECCOB B BEHTWU/bHbIX
npeobpasoBarensx ABASETCS BbIBOA PasHOCTHLIX YPOB-
HEHWIA, He cogepXalmx YrnoB KoMMmyTauum. Yto xe
KacaeTcsi UX peLUeHus1, TO 3TOT BOMPOC TPUBUAIEH: eCNn
pa3HOCTHOE YpaBHEHWe [OMycKaeT pelleHne B 3aM-
KHYTOW (hopme, TO €ro Bcerga MOXHO HalTh OfHUM 13
M3BECTHbIX METO/OB, HaMpMMep, KAacCUYecKUM MeTo-
[IOM, U MpY MOMOLLM AWUCKPETHLIX NPeobpas3oBaHuii
Nannaca (D — npeo6pasoBaHuii) nnm JlopaHa (Z — npeo6-
pas3oBaHuii), a TaKkKe gpyrumum cnocobamu. Ecim e pas-
HOCTHOE YypaBHEHME aHa/IMTUYECKMN HEepaspeLlrMo, TO
3EKTPOMArHUTHLIA  MPOLECC MOXHO paccunTatb C
060 TOUYHOCTBLIO B UMCNax METOAOM “luar 3a wwarom”,
MCMONb3ys NPU 3TOM CBOWCTBO PEKYPPEHTHOCTU pas-
HOCTHbIX YpaBHEHWIA, 4TO BeECbMa Y06HO A/ KOMMbtO-
TepHOro pacyeta. Kctatu, B 3TOM 3aKo4yaeTcsi 04HO 13
[LOCTOMHCTB 3TOr0 MeToAa.

2. OCHOBHAAUYACTb

K HacTosiLiemy BpemeHV B OTHOLLUEHMM BOMPOCa Bbl-
BOJA PAa3HOCTHbIX YPABHEHWI CNOXMWNOCh CreaytoLlee
MoNoXeHWe: 3a7a4a BbIBOAA PasHOCTHbIX YPaBHEHWIA, He
cofiepxaliyx Yrnos KOMMyTaluW, pelleHa Ans Lenei,
COCTOSILUMX W3 BEHTWMEW, UCTOYHMKOB 3.4.C. W WHAOYK-
TUBHOCTEN. ECMN ke [OMNOMHWUTENBHO YYeCTb N aKTUBHbIe
COMPOTMBNEHNS, TO PA3HOCTHbIE YPaBHEHUS YKa3aHHOro TU-
Ma MoryT 6bITb NMOMYYEHbI NNLLIL B OAHOM YacTHOM Crlyyae,
Korga AeKpeMeHTbl 3aTyxaHws, a cefoBaTe/bHO, NOCTOsH-
Hble BpeMeHV Wn JO6POTHOCTU Ha CTOPOHE NepeMeHHOro
M CTOPOHE MOCTOSIHHOTO TOKa npeobpasosatens oau-
HaKOBbI, T.€. KOrJa BbINO/HAETCA YC0BUE

xy/Ry = x4/Rq, (1)

rae napbl x,, R, U x4, Ry — 9KBUBANIEHTHbIE MHAYKTMBHbIE
M aKTVBHbIE COMPOTUB/IEHUS HA CTOPOHAX MEPEMEHHOTO Y
MOCTOSHHOrO TOKa COOTBETCTBEHHO [3, 4, 5].

ycnosue (1) CUbHO Cy)KaeT rpaHuubl NpUMeHeHUs
MeTofa PasHOCTHbIX YpaBHEHUI, K TOMY >Ke OHO Ha
MpakTVKe, Kak NpaBusio, He BbinonHsaeTtca. CrnenosartesbHo,
pelleHne BOMpOCa BbIBOAA PA3HOCTHbIX YpaBHEHWNA, He
cofiepXalLyx YrioB KOMMyTauuu, Ans Lenei, CoCTOALMX
13 BEHTWUNEN, WHAYKTVBHOCTEN, aKTUBHbIX COMPOTUBEHUI
M WCTOYHMKOB 3.4.C., MPU MPOU3BO/bHBIX 3HAYEHUSX
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napameTpoB x,, R,, x4, R; COCTaBNSET MHTEPEC KakK C
Hay4HOI, TaK 1 C NPaKTUYECKOIi TOUKM 3pEHNS.

Mp pasbsiCHEHMN pa3paboTaHHOrO 060O6LLEHHOrO
MeTofa BOCMO/b3yeMcsl OOO6LLEHHON CXeMOi  BbINps-
MuTENs, NpeAcTasneHHoi Ha puc.1. CTopoHa nepemMeHHoro
TOKa NpeACTaB/eHa CUMMETPUYHON  m-(has3Hol CUCTEMOV
3.0.C. ey, VHAYKTMBHLIMU X, 1 aKTVBHbIMUA R, COMPOTVB-
NEeHVAMM, NPUBEAEHHBIMW K BEHTU/IbHOM YacTy CXeMbl:

U,

&9

Puc. 1.

ey = Emsin[ﬁ +a,— (k— 1)%];
(k=1,2,..m)
E,, —amMnamtyga 3.4.C. ey; &y — Yron OTNUpaHns BEHTUNIA B
MEPBOM MPOMEXYTKE MOBTOPSIEMOCTU; M — YUCMO My/lb-
cauuin - BbIMPSMAEHHOTO  HanpsPKeHUs  3a  Mepuog
MEPEMEHHON 3.4.C. MUTAlOWEN ceTn; 9 = wt — BPEMS,
BbIP2KEHHOE B YINOBbIX eAMHMLAX, MPUYEM w — YINoBas
yacToTa NepeMeHHOr0 TOKa NUTatoLLEel CETU.

BeHTunbHas YacTb Npeobpasosartess, 0603Ha4eHHas Ha
puc.l YeTbIPEXYTONBHNKOM, MPEACTaBAET COO0 o6y
m-(ha3Hyt0 CUMMETPUYHYIO BEHTU/IbHYIO CXEMY, OCYLLECTB-
NAIOLLYI0 HenocpeACcTBEHHOE NpeobpasoBaHue Toka. OHa
COAEPXXNT TOMbKO BEHTU/N.

Lienb NOCTOSHHOIO TOKa COCTOUT U3 UCTOYHMKA NPOTUBO
a.ac. (W), UHAYKTMBHOTO X; W aKTMBHOrO R, compo-
TUBNEHWIA.

MOCKO/bKY U3naraemblii 0606LLEHHbI METOA, OCHOBbI-
BAETCA Ha 3KBMBAIEHTHOCTM AvdhepeHLmanbHbIX ypas-
HEHWI OTHOCUTENBHO AWCKPETHLIX MOMEHTOB OTMMPaHNS
BEHTW/EN, TO HA30BEM €ro MeTO[IOM AMCKPETHO 3KBMBA-
NIEHTHbIX YPaBHEHWI ¢ abbpesuatypoin MAJY. Ycnosumes
TaKkKe, YTO B JafibHENLLEM MOj, Ha3BaHWEM “pPasHOCTHOE
ypaBHeHve” OygemM nogpasymMeBaTb pPa3HOCTHOE Ypas-
HEHVE, HE coZepXKaLLee YI/I0B KOMMYTaLMK.

)
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B HacToswein pabote M3Y paccmarpvBaeTcs npu
CreayHoLLYX YCOBUAX:

1. Mapawvetpsbl x,, R,
HuyeHwe (1) cHaTo.
m-(hasHbliA CUMMETPUYHBIA NpeobpasoBaTtenb (0f-
HOTaKTHbIA WM [ABYXTaKTHbIA) paboTtaeT B
BbINPAMUTENIBHOM — PeXXMMeE,  Korga Yriibl  KOM-
MyTaLun ¥,, He MPEBbLILAIOT NPOMEXYTKM MNOBTO-
psiemMocTu, T.e.

Oy < (27r/m) tany —ay, (3)

npuyeM OAHOBPEMEHHO KOMMYyTMpytoTCa (ne-
PEKPbLIBAOTCA) He 6onee ABYX BeHTW/el npeobpa-
30Barens. 30eck @,, — Yron OTNUPaHNs Kakoro-To K-
[0 BEHTUNA B MOMEHT 9, & a1 — YION OTNMpaHns
o4YepeHOro BEHTUIA B MOMEHT I, ;. YC/oBuio (3)
COOTBETCTBYET PEXUM HOPMaSbHBLIX Harpy3oK U
KpPaTKOBPEMEHHO [OMNYCTUMbIX MEpPerpy3ok npeot-
pasoBatens, 4To SBASETCA Havbosiee pacnpoct-
paHeHHbIM (PabounM) PEXMMOM BbINPAMUTENS.
Yribl OTNVMPaHWst BEHTUNEW a, W MPOTMBO 3.A4.C.
£(9) M3MeHATCA Mo /II06bIM 3aKoHaM, He NpPoTU-
BOpeyaLLmM ycrioBmio (3).
MpuH1MatoTCA 06LLEN3BECTHbIE AOMNYLUEHWS, Npu-
MeHSiEMble B TEOPUU NPeobpasoBaHWs TOKa: BEH-
TUWAM  cuMTalOTCA  MAeaNnbHbIMU, MpeHebperaeTcs
HaMarHM4MBaoLLMMMN TOKAMU 1 UHLOYKTUBHOCTAMM
paccestHus TpaHcthopMaTopoB.

Becb nepexofHblil mpouecc pasobbemM Ha MHTEPBA/Ib
BPEMEHM, 3aK/THUYEHHbIE MEXAy [ABYMSI OvepefHbIMU
OTNMPaHVAIMN  BEHTW/IENR, Ha3blBaeMble MPOMEXYTKaMM
noBTOpPsAeMOCTN. OBO03HAYMM MOMEHTbI OTNMPaHUS BeH-
TUNell B XPOHONOMMYECKOl MNOC/efoBaTelbHOCTU Yepes
90,91, - » O Ong1, - - JONYCTAM, NEPEXOAHLIA NpOLLECC
Hau/HaeTcd B MEPBOM MPOMEXYTKE MOBTOPSIEMOCTU
(99,9,). Bblgenum npousBofbHbIA (n + 1)-ii npome-
YXYTOK NOBTOPAEMOCTM (9, 9,41 ), B HAYANE KOTOPOrO, T.€. B
MOMeHT 9, = (2n/m)n + a,, — ay OTNMPAETCA Kakoii -
TO K-Ii BEHTU/b, MOCME YEro CPasy >Xe HAYMHAETCa KOM-
MyTaumsa ¢ (K — 1)-biM BEHTWUIEM, KOTOpas 3asepLuaeTcs
3anvpaHnem nocnegHero B MOMeHT 9, + y,,. locne aroro
HacTynaeT MeXXKOMMYTaLMOHHbIA MHTEPBaS, 3aKaHu/Bato-
LLMIACS B MOMEHT U1 = Ru/m)(n + 1) + appq — ap.

B npomexytke nosTopsieMocT (9, 9,4+1) WMeeTcs
€AVHCTBEHHbI/ KOHTYP, KOTOPbIA HEMPEPbLIBHO MNPOBOAMT
TOK B 3TOM MHTEpBasie BPEMEHW B LENOM. B yactHOCTW,
TakKUM SABMISETCA KOHTYP, MPOXOAALWMIA uYepe3 WCTOYHUK
NEPEMEHHOTO MUTAOLLEr0 HANPSHKEHWA e;, 3NEMEHTbI
x,, R, K-/ BEHTUNb 1 LiEMb NOCTOSIHHOTO TOKa X4, Ry W
WCTOYHUK MPOTMBO 3.4.c. £(9). [Ana 3TOro  KOHTypa Mo

X4, Ry — nwobble, T.e. orpa-
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BTOPOMY 3aKOHy Kvpxroga cocTasnsieM auddepeHumab-

HOe ypaBHeHVe T1na
9
L L F®) = f(9), @)
roe
d9) = x, ) + (‘hxy + q2%q)ia (5)
F(9) =Ry ix + (q1R, + q2R4)iq - (6)

3pecb g, W g, — OTBMIEYEHHbIE 4WCNA, MOJYyYEHHbIE B
pesynbTate NpYBEAEHWS NapaMeTpoB Lieneil nepeMeHHoro
TOKA K BEHTWIbHOW 4acTu YCTPOiACTBa, 3aBUCALLME OT
KOHKpETHOI CxeMbl npeobpasosarens. (Hanpumep, Ans
TpextasHoli MOCTOBOW CXembl q; = q, = 1). i;, — TOK K-
Or0 BEHTUNS, OTMMPAlOLLErocd B MOMEHT I, a iz —
BbINPSM/IEHHbIV TOK.

OyHKuM p(9) 1 F(I9) — pasHble, OHW TOXAECTBEHHO
He pasHbl Apyr Apyry. ®yHkuus f(9) = e;(9) — ()
npeAcTasnseT co60K BO3MYLLAIOLLYIO (YHKUMIO, cofep-
XaLLyto 60/bLLIMHCTBO BE/MUMH, U3MEHEHNE KOTOPbIX Bbl-
3blBaET MEPexofHblii MpoLecc: YroB OTNUPaHUs  a,
npotmBo 3.4.c. () u a.a.c. es(9). NocnegHss npepdc-
TaBnseT CoOOK CyMMApHYK 3KBMB&/IEHTHYIO rapmo-
HUYECKYIO (DYHLMIO, NOMYYEHHYIO BEKTOPHBLIM CAIOXKEHUEM
onpeaeneHHbIX (asHbIX WM NHEAHbIX 3.4.C. AAaHHON
npeobpasoBarefibHOM  CxeMbl.  Kpome  NepeumcieHHbIX,
nepexoaHbIii NPOLLECC MOXET ObITb BbI3BaH W U3MEHEHWEM
napameTpoB x,, R,, x4, Ry, BXOAALWMX B JIEBYH 4YaCTb
ypaBHeHws (4).

3aMeHNM ypaBHeHMe (4) ypaBHEHMEM
d¢ @)

Pr) + [Mp e W) + Npyq] = f(9), (7
T.e. B (4) NpUMEHNUM MOACTAHOBKY
F(9) = My W®) + Npyq (8)

rae W(9) — npov3BofibHO BblGpaHHas (yHKLWS, WHTEr-
pupyemas Ha cermeHte [J,,Y9,41] W He vmelowas pas-
pbiBOB B TOuKax ¥, W 9,.q; Mu4yq W Npyq — Heon-
pefeneHHble  KO3MMULMEHTbI, KOTopble MOryT  6bITb
onpefenieHbl NpY MOMOLUM PAHUYHBIX  YCMOBWIA  Ania
(n + 1)-ro NpoMeXxyTKa NOBTOPSEMOCTH:

ecnm
9 =9, 1005(9) = i (Fp) = i =0; ig(I) =
= ig0n) = lgn; ©)
aecnm
0 = 911, 100 () = ix(Ong1) = ia(Ons1) =
lgn+1s 1) = ig(Ons1) = lgnsr- (10)

MoactaBuB 3HaveHus 9, U 9,.,; B (8), nonyunm
CNefyHoLLYyI0 CUCTEMY:

{ My Wy + Npyy = F,, (11)
My i Whir + Ny = Fyq
OTKy/ja onpefensem

My, = (Fn+1 - Fn)/(Wn+1 - Wn) ; (12

Npyy = (Fan+1 - Fn+1Wn)/(Wn+1 - VVn): 13)
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Fy = F@0n), Fopi1 = FOn41),
Wo = W), Wniy =W(0nsq).

CpaBHeHMe ypaBHeHWit (4) 1 (7) NOKasbIBaeT, YTO €C/Nn
Koa(hmumeHTol M, ,; U N, OyayT onpefeneHbl Mo
thopmynam (12) n (13), TO pelleHns ykasaHHbIX Aud-
(hepeHUMasbHbIX ypaBHEHN B Toukax ¥, (n =0,1,2,...)
6yayT coBnagatb, B TO BPEMS, KaK B APYIX TOUKax WX
pelleHns ByayT pacxoamThes, T.e. YKasaHHble ypaBHEHMUs
6yayT OUCKPETHO 3KBUBA/IEHTHbI.

[na BbIBOAA NCKOMOrO PasHOCTHOTO YpaBHEHWS HEOo6-
XOAMMO, 4T06bI AnddypasHeHne (7) 6bII0 paspelummo B
3aMKHYTOi (hopme. 31O, B CBOKO O4EPEsb, TPebyeT Bbibopa
(yHKUMM W (9) Hagnexawym o6pa3oM. B yacTHOCTH, ecimn
B KauvectBe yHKuum W () Bo3bMeM yHKUMIO ¢ (I), TO
NoyyYMM fIMHeiHoe AnghypaBHeHVe NePBOro Nopsaka

d(ZS?) + M1 @) + Ania = F(9), (14)

KOTOPOE PELLAETCs B 3aMKHYTON (hopme (aHa/IMTNYecKn).
KoahtomumeHTbl 7,04 U Appq ONPESenstoTes COrnacHo
thopmynam (12) n (13):

roe

Mnt1 = (Fayr — B/ (Pnsr — dn) (15)
Ans1 = (FBudnsr — Fro10n) /(P — Pn) - (16)
N 3aBUCAT OTn . 3[€ecb
¢n = (qlxy + qzxd)id,n; Pnt1 =
= [(qy + Dxy + q2xq)ignes 17)
E, = (quy + qZRd)id,n i Frgr =
= [(q, + DR, + qzR4ligns1 - (18)

C Uenblo KpaTyaillero BbiIBOAA Pa3HOCTHOTO YpaBHe-
HUS, 3apaHee 3aMeTVM, YTO NiHeliHoe AuddepeHLmab-
HOe ypaBHeHWe NepPBOro Nopsiaka

LG) 2+ P(x)y = Q(x). (19)
L(x)#0
MOXXHO Npe/CTaBnTh B hopme
d p(x) _
E{y exp f@dx]} =
_ Q) (x)
= o &P [f%dx] : (20

YuntbiBas 310, AuddypasHeHue (14) npencrasvm B
BUOE

d
S [@exp(nr9)] =

= [f(9) = Ans1lexp(nia9) - (21)
MpouHTerpuposas (21) Ha cermeHTe [9,,9p4+1] C
yyeToM paseHCTB (5), (6) u rpaHnuHbIX ycnosuii (9), (10),
NO/y4 M PasHOCTHOE ypaBHeHe

19n+1 19n
oo ep(22) g (20
n+1 n+1
Int1
)
+/1n+1f exp (9 )dﬁ
3 n+1
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_ fl'f’n+1

5 f@) exp (%) dv,

+1

(22)

rae
9n+1 = 1/T]'n+1 =

B [(qy + Dxy + q2xa)ia a1 — (@1 + @2%a)ia n _

[(@1 + DRy + q2R4)iq ns1 — (@1Ry + @2R4)ia n

_ [(a1+D)xy+q2xaléns1—(q1%y+a2%a)

N [(@1+1DRy+4q2Ralén+1—(a1Ry +q2Ra)

— MOCTOsIHHAs BPEMEHU B (n + 1)-OM MPOMEXyTKe

MOBTOPAEMOCTN B OTHOCUTE/IbHBIX €ANHULIAX. OHa 3aBucuT

OT OTHOLUEHWSI TOKOB &p41 = igni1/lan W, 3HAUNT, — W OT
n.

(23)

Mocne NoACTaHOBKM B (22) 3HaYeHUin 9, 9ni1, Pn,
Gns1, ), 441 M NPOCTLIX NPEOBPA30BaHMIA NONYHaEM
NCKOMOE 06006LLIEHHOE Pa3HOCTHOE YpaBHEHUE

[(q1 + Dxy + qoxa)ia ne1 —
~(q12, + qoxa)exp(—D041/0ni1)ia o +
QZ(xde - dey) [1—exp(=D0,41/0n41)]
[(Ch + DR, + QZRd]an - (quy + Clsz) '
= exp(—VYn41/0n4+1)
[P es(9) — £(9)] exp(9/6ns1)dd,

n

dn+1 =

(24)
roe
Apyy = Opyr =0 =

=@2r/m) + anyy — an = 2n/m) + Dy (25)

— pmtensHocTb (n + 1)-ro NpoMeXyTka MoBTopsie-
MocTU. OueBuAHO, 4to A, ., = const, ecnv npupaLeHne
yrna otnvpanua Aa, ., = const n A9, ., = var, ecnm
Aa, 1 =var. B cnyvae a, = const, [LJIMTENILHOCTb

Aﬂn+1 = 27T/m

3. 3AKMHOYEHWE

Ha ocHOBaHWM BbINO/IHEHHOM PaboTbl MOXHO caenaTb
CNnefyHoLL/e OCHOBHbIE BbIBOAPI:

1. Pa3paboTaHHbI METOA AVCKPETHO 3KBUBASIEHTHBIX
ypaBHeHuin (M3Y) No3BOMNM PELLNTL U3BECTHYIO MPO6-
NemMy BbIBOAA Pa3HOCTHbIX YpPaBHEHWUI, He COAepKaLmx
YI/I0B  KOMMyTauun, A1s i06oro CUMMETPUYHOTO m-
(hasHOro NpeobpasoBaressi NP NPOU3BO/IbHbIX COUETAHMAX
MHAYKTVBHBIX U aKTUBHbIX COMPOTMB/EHNIA CXEMbI C YYETOM
BCEX OCHOBHbIX (haKTOPOB, BAMSAIIOLLMX Ha XO4, NePEeXOAHbIX
MpOLeccoB B Npeobpasosarese.

2. TMonyyeHHOe 060OLLEHHOE Pa3HOCTHOE YpaBHEHVE
(24) cooTBeTCTBYET paboTe NpeobpasoBartenieii B Havbonee
BaXKHOM peXuMe, OXBaTblBalOLLEM AWana3oH HOMUWHASb-
HbIX TOKOBbIX Harpy3oK W KpaTKOBPEMEHHO A0MyCTUMbIX
neperpysokK, NP1 KOTOPOM YI/ibl KOMMYyTaLu 00bIYHO He
MPEBOCXOAAT NPOMEXYTKM MOBTOPSEMOCTH, T.€. BbINOJI-
HseTcsa yenosue (3).
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3. BbiBefeHHOe ypaBHeHUWe (24) ABNAeTCA TPaHCLUEH-  [0BaHWM 3N1eKTPOMArHUTHbIX MPOLECCOB B MNpeobpaso-
[EHTHbIM Pa3HOCTHLIM YPaBHEHWEM MEPBOrO MOPAAKa, KO- BaTessx Toka.
TOPOE 33 WCK/IHOYEHVEM HEKOTOPbIX YaCTHbIX C/yyaeB

HepaspeLLIMMOo B 3aMKHYTOI (opme. OfHaKo ¢ npusneye- JNINTEPATYPA
HWEM WUTEPALNOHHBIX METOZJ0B OHO MO3BONAET 3MIEKTPO- 1 Menukuweunm B.T. O MeTode BblBOAA Pa3HOCTHbIX
MarHuTHble MepexofHble MpoLecckl B NpeobpasoBartene YDABHEHWI 1A ACYETA NEpEXOHbIX MPOLIECCOB B
paccuuTaTh ¢ M0G0 TOUHOCTHIO. npeo6pasosarensx //Martepuansi |l pecry6anKaHCKO
4. KaK W3BECTHO, Pa3HOCTHble MaTemaTiyeckie cxe- HAYUHO _ TEXHAUECKOM KOHAIEPEHLAM 110 METDONIOTAV,
Mbl €CTECTBEHHO BMUCHIBAIOTCS B MpaBiia KOMMbIOTEPHOTO YacTb | Téwmon, 1974,
pacyera. MosTOMy C NPUMEHEHNEM METOA0B MAWMHHOTO o Menukiwenmm B.T. Hekotopble 06OBLLEHUS aHan3a
aHanMsa Ha OCHOBaHWW PasHOCTHOTO ypaBHeHA (24) CTaLMOHaPHbIX 1 HECTALMOHAPHBIX 3NIEKTPOMArHUTHBIX
MOXHO W3SILLHO paccuuTaTh PasHoOGpasHble NepexoaHble MDOLUECCOB B MOCTOBbIX MpDEOBpazoBaTeNsX ToKa,
MpOLecch! B NpeobpasoBaTesnsix. Kanaupatckas auccepraums, Tounuen, 1975,
5. B 0boOLueHHOe pasHOCTHOE ypaBHeHwe (24) 3a0- 3. Mocce A.B. MpMMeHeHe MeToda PasHOCTHBIX ypasHe-
KeHa BO3MOMXHOCTb MCCEI0BaHMS TOUHBIX 3aKOHOMep- MUY 179 PACYETA NEPEXOHbIX MPOLIECCOR B MPeaBpa-
HOCTEl KaK CTaLOHaPHBbIX, TaK 11 HECTALMOHAPHbIX 3/1EKT- sosarensx //Tpyas! HAVIMT, 1972, c6. 18,

POMarHUTHbIX MPOLIeccoB B npeobpasosatensix. Mostomy ¢ 4

€ro MoMOLLbI0 MOXHO OLIEHUTb TOYHOCTb JPYrUX METOA0B HbIX 11 YCTAHOBMBLLMXCS! MPOLIECCOB B LEMSIX C Npeo6pa-

aHamsa. 30BaTeNsMM C YYeTOM aKTUBHbLIX COMPOTMBNEHUIA //
6. YpasHeHwve (24) BbIBEAEHO A1 BbINPAMUTENNLHOMO SHepreTyKa v TpaHcnopt, Ne2, 1972T.

PeXMMA, HO OHO CNPABEA/MBO U A/ MHBEPTOPHOTO Pe- 5 360posckuii W.A., AHKO-TPUHULKWIA A.A. AHanMTYEC-

XXUNMa, eCNN B YKa3aHHOM YpaBHEHWM NMOMEHATL 3HaK &(J). KWii MeToZ, VCCNe0BaHNS NEPEXOAHDIX 1 YCTAHOBMB-
7. MeToA AVCKPETHO 3KBMBANIEHTHbIX  YPaBHEHMN LUMXCA MPOLIECCOB B TPexcasHol MOCTOBOM cxeme

(MA3Y) no3BONsiET CYLECTBEHHO MOBLICUTbL MOKOCTL U BLINPSIMUTENS!. //3NeKTpuuecTBo, No12, 1966 T.
3HAYMMOCTb METOAA PasHOCTHbIX YpPaBHEHMIA B MCCre-

HeiimaH J1.P. OBO6LLEHHbI METOL aHanm3a nepexos-
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GENERALIZATION OF FINAL-DIFFERENTIAL METHOD FOR INVESTIGATION OF TRANSIENT
ELECTRO-MAGNETIC PROCESSES IN THE CURREBT TRANSFORMER

V. Melikishvili

Department of electrical engineering and electronics, Georgian Technical University, 77, Kostava str, Thilisi, 0175,

Georgia

Resume: There was given the solution of the known problems in the theory of transformation of current, which in-
cludes the derivation of differential equation not comprising the commutating angles. During any type of equilibrium
of induction and active resistances comprising the circuit by means of the method of discrete equivalent equations
(MDEE) it has become to derive the generalized equations of indicated type, which gives a possibility to investigate the
precise regularities of transient processes in symmetric transformers of any phase (rectifiers and inverters). As a result
of solution of indicated problems the role of the method of differential equations is considerably increased during the

study of statistics and dynamics of the transformers.

Key words:

current transformer; rectifier; inverter; commutating angle; transiet and having been establishd

processes; discrete; equivalent differential equations; difference equation.
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BbIBO/, YCOBEPLLEHCTBOBAHHOIO PA3HOCTHOIO YPABHEHWA A/ NCCNEAOBAHNA
MEPEXOOHbLIX NMPOLECCOB B ABYXMOCTOBOM TPEOBPA3OBATE/IE

B. T. Menuknwsunm

[JenapTameHT 3M1EKTPOTEXHUKN N 3NEKTPOHUKN, [PY3NHCKNIA TEXHUYECKUiA yH1BepeuTeT, py3us, 0175, Téunwvcw, yn.

KocTtaBa 77

E-mail: melikishvili37@mail.ru

Pestome: lMpuBOaWTCA BLIBOA, BbICOKOTOYHOrO pas-
HOCTHOTO ypaBHEHMS1 NPUMEHUTENBHO K OCHOBHOMY pe-
XMy paboTtbl AByxmocToBoro (12-(hasHoro) npeobpa-
30BaTens C y4eTOM BCEX OCHOBHBIX (DAKTOPOB, BNSAOLLMX
Ha 3M1EeKTPOMarH1THbIE NPOLECChl B HEM. [lonyyeHHoe
Pa3HOCTHOE YpaBHEHME HE COLAEPXUT YrNoB KOMMYyTa-
LMK, HAJIMYME KOTOPBbIX CUTbHO CHIXKAET 3(EKTUBHOCTbL
MeTOoAa Pa3HOCTHbIX ypaBHEHWiA.Pa3paboTaHHLIM METO-
[OM [OWCKPETHO 3KBMBAIEHTHLIX YpPaBHEHWI cTai BO-
3MOXXHbIM BbIBOA, YPaBHEHUA YKa3aHHOro TMna npwu -
ObIX COYETAHNSAX aKTUBHbIX U MHAYKTUBHbLIX COMPOTUB/IE-
HWA CXeMbl. YpaBHeHWe NOo3BO/ISET UCCNe0BaTb TOUHbIE
3aKOHOMEPHOCTM NEPEXOHbIX U YCTAHOBUBLUMXCA NPO-
LieccoB Npu paboTe npeobpasosatens Kak BbiNpsMUTe-
NeM, Tak U UHBEPTOPOM, BeJOMbIM CETbIO.

24

KntoueBble croBa: npeobpasoBaresib TOKA; BbIMps-
MWTENb, WHBEPTOP; Yrofl KOMMYyTaUWW; NEepPexoaHbili
MPOLECC; pa3HOCTHbIE yPaBHEHUS.

1. BBEAEHUE

Pa3paboTka HOBbIX W Y/y4lIEHNE NApaMeTPOB NMELD-
LLMXCA B 3KCM/yaTaummn npeobpasosareneii Tpebyer Tiya-
TENbHOTO aHannM3a MPOTEeKalWmMX B HUX 3NeKTpoMar-
HWTHbIX NPOLLECCOB. PaccmaTpuBaeMbIil B aHHOI cTaTbe
[IBYXMOCTOBOW, T.e. 12-(ha3Hblli ABYXTaKTHbIA npeobpa-
30BaTeflb, BMeCTe C OLHOMOCTOBbLIM, T.e. 6-My/IbCHbIM
npeobpasoBatesieM SBASETCA BaKHENLMM arperatom
COBPEMEHHOW CMI0BOIN NPeobpa3oBaTe/lbHON TEXHUKM.
Hanpumep, B cucTeMax nepefady MOCTOSIHHOrO TOKa C
Le/bio MOMYYeHUst AOCTATOYHO BLICOKOTO HamnpshKeHUs
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TpebyeTcsa nocnefoBare/ibHoe COeIMHEHNE HECKOMbKUX
OHOMOCTOBbIX NMpeobpasosarenei, Ans Yyero n Ucnosb-
3ytoTcA 12-thasHble MOCTOBble NpeobpasoBatenm noc-
NnefoBarenibHOro Tuna.

B AByxMOCTOBbIX 12-My/bCHbIX MNpeobpa3oBaresnisx
[0CTUTaeTcs Kak yBesmyeHme MOLHOCTH, OTAaBaeMoi B
Harpysky, Tak W yfydlleHue rapmMOHWYeCcKoro cocTaBa
BbIXOLHOIO HAMpsKEHUsi U TOKa, NOTPebnsemMoro w3
ceTn. 3T [OCTOMHCTBA OBYC/MOBM/IN BecbMa LUMPOKOe
NPYMeHeHne [ABYXTaKTHbIX 12-My/bCHbIX Npeobpa3osa-
Tenel B 061acTu 60/bLIMX MOLLHOCTEN. B YacTHOCTK,12-
(hasHbIli PEXUM ABSAETCA OCHOBHLIM HOPMasbHLIM pe-
XWMOM paboTbl BbINPAMUTENBHBIX U MHBEPTOPHBIX
MOZCTaHLWIA B cucTeMax nepeay NOCTOAHHOTO TOKa.

Kak npasuno, 12-thas3Hble ABYyXTakTHble Npeobpaso-
BaTe/I Ha NpakTuke paboTaloT B Tak Ha3blBaeMOM pe-
Xvme 4-5, Mpy KOTOPOM BEHTU/IN NPOBOAAT rpynnamMu—
no 4 v no 5, Nnpuyem yrabl KOMMyTaLUumn y, OCTalOTCA B
npegenax NPoOMEXYTKOB MOBTOPAEMOCTH, T.e. YA0BNeT-
BOPAIOTCA YCNOBUA

0<y,<m/6+ a1 —an. (1)

(ap M apyq — COOTBETCTBEHHO YI/bl OTNUPAHUA BEH-
TMNein B MOMEHTbI Hauana v KoHua (n + 1) — ro npo-
MeXyTKa nosTopsieMoctu 9, n 9,.,). BBy BaxkHOCTU

Ne 2 (488), 2013

pexvma 4-5 Bonpoc BbIBOAA Pa3HOCTHOO YPaBHEHUS B
[AHOW CcTaTbe paccMaTpuBaeTCsl MCK/IKUUTENIBHO A1
3TOr0 peXxxuma.

2. OCHOBHAA YACTb

JKBMBa/IEHTHas CxeMa paccmartpvBaemoro 12-thas-
HOro nocnegoBaTensHOr0 MOCTOBOrO Npeobpasosatenst
N ero BpPeMEHHble AuarpaMmmbl ona pexuma 4-5 npu-
BeAEeHbl COOTBETCTBEHHO Ha PUCYHKaxX 1 n 2.

Mpegnonoxum, 4To Npeobpaszosate/b paboTaeT B BbIr-
pAMUTENBHOM — peXnume.  Cxema  COCTOMT U3 [BYX
TpaHcthopmatopoB Tpl un Tp2, nepBUYHbIE OOMOTKM
KOTOPbIX XapaKTepusyloTcst UHAYKTUBHLIMUA U aKTUBHLIMU
COMPOTMBNEHNAMWN X1, R; W 3x;, 3R; COOTBETCTBEHHO.
ConpoTMBNEHUs BTOPUYHbIX OBMOTOK —x,M R,. Llenb
MOCTOAAHHOTO TOKa COCTOMUT U3 WUCTOYHMKA MPOTMBO 3.4.C.
£(9), NHAOYKTMBHOTO X4 W aKTMBHOMO R; CONPOTUBIEHWIA.
VHayKTMBHOE 1 aKTMBHOE COMPOTUBAEHUA (ha3 NUTatoLLEN
CeTm — x, U Ry. B pabote NpuHATLI 06LLEN3BECTHbIE B
Teopum NpeobpazoBaHWA ToKa JOMNYLLEHNS.

Mpn pelleHMn MocTaBfeHHON 3afjaun bygem pyko-
BOZCTBOBATbCA METOAOM [UCKPETHO 3KBMBA/IEHTHBIX
ypaBHeHuin (MA3Y) [1].
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PaccMOTpPMM NPOM3BObHbLIA (1 + 1)-i NPOMEXYTOK
nosTopsieMoct (9,,, Yp+1)- B nepBoli (KOMMyTaLMOHHO)
yactu 3T0r0 MpomexyTka (9,, 9') TOKONpOBOAALMMMU
AsnaoTca BeHTMIM 1 —5—3"— 6 —4', a BO BTOpOI
(9',9,41) — BeHTWM 1 — 3" — 6 — 4'. B TeueHue Bcero
npoMeXxyTka nosTopsemMoctn (9, U,41) TOK MpoTekaeT
MO KOHTYpYy, 3aMKHYTOMY BeHTUAaMM 1—3'—6— 4/,
COOTBETCTBYIOLUMMM (Da3aMu BTOPUYHBIX OOMOTOK TpaHc-
thopmatopoB Tpl n Tp2 u BbIXOAHOW LieNnbl. A5 3Toro

Ne 2 (488), 2013

KOHTypa MO BTOPOMYy 3akOHy Kupxroga coctaBnsiem
ypaBHEHWE
dig .

U —Us + U _u4_xdE_Rdla =e(9),(2)
roe Uy = Uoimr, Uz = Upiny, Uy = Ugona MU =
Uozpz, — BTOPUUHbIE (ha3Hble HaNPsHKEHMs (CM. puc. 1).

BTopuuHble (hasHble 3.4.C. OTHOCWTE/IbLHO Havana
MepexofHoro npouecca 9, 3anullyTca CAeayloWwmm
obpasom(cMm. puc. 2) :

X
6, 6
e
€ | A €
™ ’I .
~l”
> b A 7
L/ ~
Y
Fid
H—
6 Sl — =]
: a a, L @,
(] — l...._.-.
oL L0
P n a1l nE2 843 nfFdE T a S A6 A+T nH8
—— n—+a, —a,—
7 . iy
. i y
i ‘9...2 ‘9_.:: —..-: 6 ';ms\
) FREENR L — ]
(] " Sl 1 " -1::_,_._....-/ i,
1 3 . 5
“I""w A h i,
9 - et
| 'gn»! e
3, s — =iy _‘;
——{¥uu [
Puc. 2
. T Y
e =Emsm(19—ng+a0 +g) ;
. Vi
e, = E,;sin (19 -n—-+ 0(0) ;
Vs ° Y Y } (3)
e3 = — mcos(ﬁ—ng+a0); e4:—msin(19—ng+a0+§);
. s s . T T
es=—Emsm(z9—ng+a0—g); e6=—msm(19—ng+a0—§);)
BTopuuHble thasHble HanpsxeHus U,, Us, U,NU, ONpeaenstoTcs N0 BbIPKEHUSIM:
_ df. ., Ki,. g 8] [, ., Ko, g N
Uy =e—x—|lh— i +\/—§(12 — i —l4+l4)_ -R _ll—ll+ﬁ(lz —12—l4+l4)_,
_ df. o, Ki . g ] P N o g 8.
Us =e3—x—5 13—l3+\/—§(l4 s —ig+ig)| —R|iz l3+ﬁ(l4 iy —ig+i)|; "
. : - oor
_ dJ. vy K a0 . . D SV
Uy =es—x5|la— 1y +\/—§(13 iz —i; + 11)_ —R|ia—14 +ﬁ(13 is—i; + 11)_ ;
dJ. o, Ki g, g 3] [ o, Ko g ]
Us = es —x5|ls — ls +\/—§(15 s — i3+ 13)_ — R s — s +ﬁ(l5 ig — i3 +l3)_ y
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Tak Kak B nccreyeMoM NpoMexXyTKe NoBsTopsie- KpoMme i; W iy. C yueToM TOro, YT0 iy + i = ig,i5 = iy =
MOCTW B MOMEHT ¥,, OTNNPAETCA BEHTW/b 1, TO COracHo ig = ig, @ OCTa/IbHbIE BEHTU/IbHbIE TOKM PaBHbI HY/HO, Ha
METOAMKE BblBO/1a Pa3HOCTHOIO YpaBHEHUS, NPUBEAEH- ocHoBaHuK (3), (4) n (2) NpMXoAUM K ypaBHEHUIO

Horo B [2], n3 cuctembl (4) cneayeT UCKYNTL BCE TOKM,

d
= [xiy + (3% + 2V3Kyx + x4)ia] + [Riy + (3R + 2V3K,R + Ry)ig| =

s T s
= 2v3E,,cos (19 —nota, - E) cos - — (M), (5)
rae Ky = xo/c?x, K, = Ry/c*R, ¢ = W;/W,—K03(dNULMEHT TpaHchopMaumn, ax = x"c% +x, MR = % + R,-
COOTBETCTBEHHO CYyMMapHOEe WMHAYKTMBHOE U aKTUBHOE COMPOTWBAEHWS MWUTANOLLEA CETW, NEePBUYHON N BTOPUYHON
06MOTOK TpaHChopMaTopoB, NPUBELEHHbIE K BTOPUYHON 0O6MOTKE TpaHcdopmaTopoB. ConoctasumM ypasHeHwo (5)
ypaBHeHue
d
T [xi1 + (3x + 2V3Kx + xd)id] + nn+1[xi1 + (Sx +2V3Kx + xd)id] + At =
T s T
= 2v3E,,cos (19 —notap - E) cos = — (). (6)
KoathpmumeHTbl 1,41 W A,41 ONPELENAOTCA PEEHUEeM CUCTEMbI YPaBHEHWI, MOMYYEeHHOW NOACTAHOBKOM
3Ha4eHuUi 9, 1 9,,, 1B ypaBHEHNE
Mnaa|Xiz + (3% + 2V3Kyx + x4)ig] + Anyr = Riy + (3R + 2V3K,R + Ry)iy - 7
C y4eTOM rpaHnyHbIX YCNoBUiA iy = 0, ig =iy , NPN O = Uy Wiy = ig ni1,ig = ig ne1 NTPU O = O,4q YNOMSAHYTAA
cmucTeMa NpuMeT BUA
(3x + 2\/§le + xd)id,nnn+1 + A1 =
= (3R + 2V3K,R + Ry)ig n
(4x + 2V3Kyx + xg)ia ne1llner + Ansr =
= (4R + 2V3K,R + Ry)ignss )
Otctofia onpeensieM NoCTOSHHY BPEMEHM Ans (N+1)-ro NpoMeXXyTKa NOBTOPSIEMOCTU:

1 (4x+2V3Kix + xq)iq ner — (3% + 2VBKix + xg)ian
Mt (4R + 2V3K,R + Ry)ig ner — (3R + 2V3K,R + Ry)ig

_ (4x+2V3Kyx+xq) & na1—(3x+2V3K 1 x+xg)
"~ (4R+2V3K,R+Rg)& nt1—(3R+2V3K,R+Ry)

roe En+1 = id,n+1/id,n ’

Ons1 =

©)

B [2V3Rx(K, — K1) + Rgx — Rxqlig nia ni1 B
(4% + 2VBK X + Xq)ig e — (3% + 2VBK X + x0)ig
_ [2V3Rx(K2—K1)+Rgx—Rxqlig n+1
T (4x+2V3K 1 x+xg)Ens1—(3x+2V3K x+xg)’

n+1

(10)

MpU TaKnX 3HAYEHUSIX O, q U Ay AMGDEPEHLMAb- - [2\/§Emcos (19 —nZta,— l) cos ™ — g(g)]
Hble ypaBHeHus (5) u (6) OyayT [AWCKPETHO 3KBUBa- ox (f6 a9 12 12 (11)
NEHTHbIMM, T.K. 3HAYEHUA UX PeLleHNi B MOMEHTbI I, PA) Thn41 6.

MpouHTerpypyem 3T0 ypaBHeHWe B npefenax pac-
nd, .1, & CNepoBatenbHO, U B NOGLIX APYrnxX TOuKax ] :
cmarpueaemMoro (n + 1)-ro npoMexyTka nosTopseMOoc

OTNMPaHWS BEHTUNEN COBMagyT. W96 Te. or 8 m 09
’ ] S =n- a, — & =
3anuwem ypasHeHve (6) B hopme W ot n=RET I %o A0 Yan

d (n+1) % + Q41 — g, YUNUTBIBASA NPU 3TOM TPaHUYHbIE
E{[xil + (3x + 2V3Kyx + xg)ig|exp (f 77n+1d19)} YCNOBUS: MPU 9 = Oy, i1(8,) = 0, ig(9n) = ign, anpn

_ 9 =Ont1, 1 (Ons1) = lansr s la@ner) = lanser -
+/1n+1exp nn+1d79 - 6 i1 _
Mocne NpocTbIX NPeo6pasoBaHNii UICKOMOe Pa3HOCT
HOE YpaBHEHWE MOXHO 3anmcatb B (JopMe
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(4x + 2V3K,x + Xq)igns1 — (3% + 2V3Kx + xq)exp(— Ayy1/Ons1) * g +

 [2V3Rx(K; — Ky) + Rax — Rxg][1 — exp(=Abns1/6nsn)] - g * lamss _
(4R + 2V3K,R + Ry)igns1 — (3R + 2V3K,R + Ry)ign

n
exp(_ 19n+1/9n+1) fﬂn o

3pecb A9y = Ipy1 — O = /6 + Apyq — Ay—OANTEND-
HOCTb (n + 1)-ro NPOMeXyTKa NOBTOPAEMOCTU.

[2\/§Emcos (19 - n% +ay—

l) cos% — 5(19)] exp(9/6,,1)d0.

5 (12)

[na mowHbIX npeobpa3oBateneli NpeHebperaT ak-
TVBHbIMW conpoTtueneHuamu. Monarad R = Ry = R; = 0,
pa3HOCTHOE ypaBHeHMe (12) npumeT BMA,

(4x + 2V3Kx + xd)id,m1 -

—(3x + 2v3Kx + xd)id n== fl;i”“ [2\/§Emcos (19 - n% +a,— %) cos% - 5(19)] d9)

Ha npakTvike Hepedko NepexofHble MpoLecchl Mpo-
TEKAKOT B YCMNOBWSAX MOCTOSHCTBA BO3MYLLAKOLMX (hak-
TOpOB, T.e. NpUE,, = const, e(9) = const N a, = a =
const. B aTom cnyyae (13) npeBpallaeTcsi B ypaBHEHUE

(4x + 2V3Kx + xd) lg n+1 —
—(3x + 2V3Kyx + x4)ig o=
= +/3E,,cosa — %E . (14)

LiNA Haxo[EeHUs! YCTaHOBMBLLIErOCs TOKA g ycr., B CO-
OTBETCTBYIOLEM  Pa3HOCTHOM  ypaBHEHUM  crefyeT
nonararb: ig n = ig n+1 = layer §ne1 = 1), Epy = const,
£(¥) = E = consta,, = a = const, a BMECTO 6, ., — €0
yCTaHOBMBLLEECS 3HaYeHne

Oycr = x/R, (14)
KOTOpoe nosyyaetcd Ha OCHOBaHUM opmynbl  (9)
noAcraHoBkoin &,,, = 1. B ycTaHoBMBLIEMCA peXuMe
LANMTENbHOCTL  NIO6Or0  NPOMEXyTKa MOBTOPSIEMOCTM
A9y 1 = Opy1 — 9, = /6 NOCTOAHHA. C y4yeToM 3TUX
MOMOXEHWA, Hanpumep, ANS YCMNOBWIA, COOTBETCTBYHO-
WX pasHOCTHOMY YypaBHeHuo (14), yctaHOBMBLLEECS

3Ha4YeHne Toka

. \V3Emcosa—(m/6)E
layer. = = " - (16)
310 YpaBHEHME 3anulleTCA B OTHOCUTE/IbHbLIX €au-

HuLax B popme
Uy =2 (cosa - \%J;) ,

rae Uy = E/[3/mV3ER|nIq = tayer./ (Em/%) .

BblpakeHne (17) npepctaBnsieT co6OW M3BECTHOE
ypaBHeHMe BHELUHel XapakKTepuCTUKX ABYXMOCTOBOTO
npeobpasosarens Ana pexuma 4-5 npu nobom 3Ha-
YEHUN x4, B TOM 4ncne U Npu x,; = oo[4]. 310 ABNseTcA
CNefCTBMEM TOTO, YTO B [MCKPETHble MOMEHTbl OT-
MUPaHWA BEHTU/EN 3HAYEHWS BbINPSM/IEHHOMO TOKa He
3aBUCAT OT WHAYKTUBHOTO COMPOTUB/IEHWUSA CIaXWU-
BatoLLero peakTopa.

(17)
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(13)

3. SAKJTHOYEHVE

BbinonHeHHas paboTa No3BONseT caenarb creayto-
LLMe BbIBOAbI:

1. Pa3paboTaHHbIM METOAOM [MCKPETHO IKBUBASIEH-
THBIX YPaBHEHWI CTasl BO3MOXEH BbIBOA, Pa3HOCTHOrO
ypaBHEHUS, 0TOOpaXKAIOLWEro TOYHble 3aKOHOMEPHOCTM
nepexoAHbIX NPOLLECCOB B ABYXMOCTOBOM Mpeobpasosa-
Tene Toka npy N06bIX COOTHOLWEHNAX WMHAYKTUBHBLIX U
aKTVBHbIX COMPOTUBAEHNIA CXEMbI.

2. YpaBHeHue BbIlBeLEHO /19 CamMOro BaXKHOro pe-
XnMa paboTbl npeobpasoBatens (pexuma 4-5), oxeatbl-
BAIOLLErO AMana3oH HOMUHa/IbHbIX TOKOB U AONYCTUMBIX
neperpy3ok, NpuYeM OHO He COAEPXUT YII0B KOMMYyTa-
LMK, YTO 3HAYUTENBHO MOBbLIWAET 3PHEKTUBHOCTL aHa-
NN3a 3N1EKTPOMArHNUTHbIX MPOLLECCOB.

3. BblBefeHHOe ypaBHeHWe NOo3BONSET MUCCNefoBaTh
nepexogHble NPOLEecChl, BO3HMKAOLWME NPU N3MEHEHNM
amnanTyfbl NUTAIOLLET0 HanpPSHKEHWS  BbIMPAMUTENS,
MPOTMBO 3.4.C., YINa OTNUPaHUS BEHTWUNENR, a Takxke, npu
CKayko0OpasHOM M3MEHEHMN MapameTpoB CXembl (MH-
OYKTVBHBIX U aKTUBHbIX CONPOTUBIIEHN).

4. Mpy HamMuum obpaTHOI cBA3M B npeobpasosa-
TE/bHOIN cucTEME, Hanpumep, Npy peryMpoBaHnmM yrna
OTNUPaHNs BEHTWUNEW BbIXOAHbLIM TOKOM, BblBEAEHHOE
PasHOCTHOE YPaBHEHWE MOXHO AOMNOHUTL YPaBHEHNEM
perynsatopa u nepexofHbliA NPOLEecc paccunTatb peLue-
HWEM CUCTEMbI 3TUX YPaBHEHWIA.

5. TonyyeHHOe YpaBHEHWE SBASETCA HEMHENHbIM
TPaHCLEHAEHTHBIM YpaBHEHUEM MEPBOro Mopsgka, Ko-
TOpOE 3a MCK/IIOUYEHNEM HEKOTOPbIX YACTHbIX C/lyYaeB, He-
paspeLunmMo B 3aMKHYTOR ()opMe, HO pacyeT mccnegyembix
MPOLIECCOB C /1060 TOYHOCTBHO MOXHO YCMELHO NPOBECTU
C NPVBMIEYEHNEM CPELCTB KOMMbIOTEPHOTO pacyeTa.

6. XOTA pasHOCTHOE ypaBHeHWe BbiBEAEHO A1 BbIM-
PAMUTENBHOTO PEXNMa, HO ero MOXKHO MCNO/b30BaThb W
ONa MHBEpTOpa, BELOMOIO CETblo, MOMEHSAB 3HAaK Npo-
TVBO 3.4,.C. B YPaBHEHUN.
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UDC 621.314.5/6
DERIVATION OF PERFECT DIFFERENTIAL EQUATION FOR INVESTIGATION OF TRANSIENT
PROCESS IN TWO-BRIDGES TRANSFORMER

V. Melikishvili
Department of electrical engineering and electronics, Georgian Technical University, 77, Kostava str, Thilisi, 0175,
Georgia

Resume: There has been derived a differential equation describing the work of two-bridges (120 phase) transfor-
mer in the equipment with allowance of all main factors having the influence of electromagnetic processes on running
electromagnetic processes. The obtained differential equation does not comprise the commutation angles, because of
which a methodic efficiency of the differential equations are being greatly lowered. By the developed method of dis-
crete equivalent equations it has been managed to derive the equation of indicated type. During any kind of equili-
brium of active and induction resistance comprising the circuit of the equation gives a possibility to investigate the
precise regularities of transient and based processes of the transformer working both as a rectifier and accompanying
inverter of the network.

Key words: current transformer; rectifier; inverter; commutating angle; transient process; differential equations.
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samTo-geo logiis
seqcia

uak 624.131.31

xudonhesis mSeneb 1 obis ganax B ebasTan dakavSirebull i

sainJinro-geo logiuri sakiTxebi
u. zviadaZe, m. mrdaSova* a. gemok I iZe

gamoyenebiTi geo B ogiis departamenti, sagarTve B os tegnikuri universiteti, sagarTvell o,

0175, Thi B isi, kostavas 77

E-mail: m_mardashova@gtu.ge

reziume; statiaSi ganxi Bullia sainJinro-
geo B ogiuri, nawi Bobriv hidrogeo 1 ogiuri
procesebi, romBebic TFfagtobrivad arsebu-
Bi obieqturi mizezebis gamo, negatiurad
unda 1ignes miCneulBi xudonis hidrokvanZis
mSeneb B obis da Semdgomi eqsp Buataciis pe-
riodSi ara marto garemoze, aramed saku-
Triv hidrokvanZis nagebobebze uaryofiTi
zemogmedebis TvallsazrisiT.

sakvanZo sityvebi: kaSxali;
pRastikuri da bRokuri mewyrebi;
Setborva

wya l sacavi;
Svavi;

1. Sesavalli
xudonis hidroeleqgtrosadguris mSeneb-
B obis ganaxBebasTan dakavSirebiT sagarT-

velos tegnikuri universitetis geologTa
Jgufma 10 dRis ganmavBobaSi Seasrulla
save B e-sarekognoscirebo samuSao zemo sva-
neTis sof. xaiSis da misi Semogarenis teri-
toriaze hidrotegnikuri kompBegsis (kaS-
xali, wyallsacavi, saderivacio gvirabi da
sxv.) mSeneb B obis da Semdgomi eqsp Buataciis
periodSi hidrogeologiuri da sainlJinro-
geologiuri procesebis mxriv garemoze Se-
saZ bl o zemogmedebis Sefasebis mizniT. savelle
marSrutebis saSuallebiT vizuaBlurad Ses-
wavlill igna teritoria romelic wyal-
sacavis Segmnis  Semdeg datborvis zonaSi
unda moeqces. maT Sorisaa dasaxBebuli
pungtebi — Balxoralli, engurs gaRma da
gamoRma xaiSi, Buxi, tobari, Baxani, wir-
mindi, nawi Bobriv HBekallmaxis da jork-
val is Semogareni.

! ) Letspri
" = p* Vol 1834
L AYEMmo dfﬂ N -
29740, Panavi 2 ki i A
i y ot
L7 1 \ Kueda ipai g
b, |, | ekalmiakhi = .
— - ot £
Lakhary Jorkvah
= Khelra 47 "
T 15350t Skormen L vi
2l ‘L"“"’"” / - KHUDONI RESERVOIR
. . s _)’ 2215
RO Lo y 2682
- o \ g
I, e * = ;
’ S, g
= o Nafkarvalt & 2978
Léshuribkhidal ' /J 4 P *
o~ J KHUDONI DAM AND
\ il FOWERHOUSE
s vt
e S A .
jomm—— iSRS 1 A

sur. 1. xudonis hesis saproeqto wyall sacavis konturi
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marSrutulli agegmvis periodSi, romell-
mac mdinareebis — enguris, xaiSuras (Txe-
iSis), nenskras da Baxanis xeobebi moicva,
aRwerill da GPS koordinatebiT, agreTve
FfotodokumentebiT daFigsirebull igna dak-
virvebis 41 wertilli. mopovebulli mdidari
faqtobrivi masalis analizi da am masallis
safondo da HBiteraturull wyaroebTan Se-
jereba saSuallebas gvaZ B evs dasabuTebu llad
vinsje Bl oT hidrotegnikuri kompBegsis, gan-
sakuTrebiT wyallsacavis garemoze negati-
uri zemogmedebis im sainJinro-geo B ogiuri
da hidrogeo Bl ogiuri Tagtorebis Sesaxeb,
romnlebic detalurad aris ganxillulli
qvemore aRweri B obaSi.

2. ZiriTadi nawi B

Sesrullebulli kvBevebis Sedegebis aRwe-
ramde mizanSewoni lia gavecnoT saerTo mo-
nacemebs sakuTriv xudonhesis parametrebis,
gansaxi Bvelli teritoriis Tfizikur-geogra-
Fiulli pirobebis da geologiuri agebulle-
bis Sesaxeb. es monacemebi saTanado HNitera-
turulli wyaroebidan aris moZiebull'i [1].

xudonis kaSxali Sendeba zemo svaneTSi,
allpur zonaSi, romelic Kkavkasionis gedis
sanxreT kall Tebze mdebareobs. aRsaniSnavia,
rom samuSaoebis garkveu li nawi Bi jer Kkidev
gasul'i saukunis 80-ian wlebSi Sesrullda da
Semdgonmi “detalluri da ekonomikuri
kv B evebis Sedegad dadginda, rom xudonis
kaSxBis saproeqto teritoriaze arsebulli
nawi Bobriv  ganxorciellebuli  sanuSaoebi
warmoadgens proegtis saukeTeso allterna-
tivas” [2]. Cveni azriT, es mosazreba mxolod
nawi Bobriv SeiZleba CaiTvallos marTebu lad,
saxe Bdobr, sakuTriv kaSxall Tan mimarTebaSi.
ferdobebis konFiguraciidan da agebulle-
bidan gamomdinare, kaSxWBis mSenebl obis
adgili sworad aris SerCeulli. mdinaris am
kveTze xeoba viwroa (daaxBoebiT 50 m) da
misi orive Ferdobi mkvrivi qviSaqvebiT aris
agebulli. gansxvavebuli suraTi gvagus ara-
xelsayreli sainJinro-geodinamikuri pro-
cesebis mxriv, razec yuradReba Semdgom
aRweri B obaSi aris gamaxvi Bebull i.

xudonis hidroelleqtrosadguris ZiriTa-
di saproeqto parametrebi Semdegia:

- betonis TaRovan-gravitaciulli kaSxali;

- simaRBe — 2005 m;

- Txemis sigrZe — 522 m;

- datborilli teritoriis TfarTobi -

528 ha;
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- Txemis sigane — 6.02 m;

- qveda nawi Bis sigane yvelaze dabal
werti BSi — 317 m;

- wyallsacavis moculloba - 3645 mili-
oni m3;

- wylis magsimaBuri done — 7000 m;

- minimaBuri saeqspBuatacio done -
640.0 m;

- magsimaBuri siZblieris mosalodneli
miwisZvra (rixteris SkaliT) — 9 bali.

cxadia, aRniSnulli parametrebis konkre-

tull sidideebs arsebiTi zegavBena aqvs ga-
remoze da maTi gaTvaliswinebis gareSe ga-
remoze zemogmedebis SeFaseba SeuzZBebeli
igneboda.

xudonis hidroe Beqtrosadguris mSeneb-

B obis raionisTvis damaxasiaTebe B ia mkveT-
rad danawevrebuli mTagoriani reliefi
absoButuri niSnullebis mokBe manZi Bebze
cva B ebadobis didi amp B itudiT. aq
warmodgeni i reliefis ZiriTadi tipebidan
aRsaniSnavia;

- teqtonikuri, maRalmTiani, ZBier ero-
ziulli reliefi, romelic paleozouri,
triasulli, gqveda da Sua iurulli asakis
metamorfulli da +terigenuli ganebis
substratze aris ganviTarebull i;

- reliefis denudaciur-akumu Baciuri
Fformebi, romBebic sustad daterase-
bull Rrma alBluviur xeobebSi gvxvdeba.

callkeuli mwervallebis absoButuri niS-

nullebi 2000 - 3000 metris TFargBebSi mer-
yeobs. mdinareTa Xxeobebs V-sebri konFigura-
cia agvT, cicabo da maRalli FerdobebiT, rom-
Bebic garda alpuri sartylisTvis damaxa-
siaTebeBi balaxovani safarisa, umTavresad
tyis mcenareulobiT aris dafarulli. Seda-
rebiT mcired daxrill monakveTebze reliefFis
mikroformebi vHBindeba viwro, HBokaluri
gavrce lebis terasebis da gamotanis ko-
nusebis saxiT.

sakvlev raionSi gavrcellebulli geollo-

giuri warmonagmnebis FfarTo asakobrivi speg-
tridan uSualod wyallsacavis da mis mim-
debare teritoriebze ori ZiriTadi formacia
aris warmodgeni B i

- Sua iuris aallenuri asakis TixaFigle-
bis da qviSaqvebis wyeba (J5), romelic
BiTologiurad mugi nacrisferi Tixa-
Ffiqlebis da nacrisferi wvrilmarcv-
I ovani qviSaqvebis monacvBeobiT aris
agebu ll i;
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Sua iuris baiosis asakis porfiritulli
wyeba (szj), romelic tufoqviSagvebis,

tufobregCiebis, tufokongll omeratebis,
porfiritulli ganfenebis da tufebis
monacv BeobiT aris warmodgeni B i.
aallenuri sarTullis ganebi md. enguris
xeobaSi, sof. xaiSidan sof. Ballxorallande
monakveTze, agreTve md. xaiSuras xeobaSi
aris ganviTarebulli, xoBo baiosis tufo-
genebiT md. nenskras da xaiSi-jorkvallis
monakveTze md. enguris xeobebi aris agebuli.
tyis xSiri safari, mkvrivi ganebiT agebu-
Bi maRalli da cicabo Ferdobebi, mdinareTa
viwro kalapotebi xells ar uwyobs meoT-
xeuli nalegebis didi raodenobiT akumu-
B acias. amis miuxedavad, callkeull, SedarebiT
farTo kalBapotis da kalBapotzeda terasebis
monakveTebze Tanamedrove aBuvionis sakmaod

didzali danagrovebi gvxvdeba, rac
ZiriTadad mdinareebis nenskras da xaiSuras
auzebisTvis aris damaxasiaTebeli. garda

amisa, unda aRiniSos zeda meoTxeuli asakis
myinvarulli da FfRuvioglacialuri warmo-
nagmnebi, romBebic mdinareebis nenskras da
nakras zemo wellSi aris gavrcellebuli,
sadac maTi simZBavre vrandenime aTeulli
metris FarglebSi icvleba

sagarTvelos teritoriis geoteqtonikuri
daraionebis sgemis mixedviT, xudonhesis
mSeneb B obis raioni kavkasionis naoWa (naoWa-
zewru B i) sistenis (I) Semadgene i nawi Bia [3].
aRniSnulli sistema, Tavis mxriv, oTx msxvil
zonad iyofa, romeBTa Soris uSuallod
gansaxi Bvell i teritoriis nmeti nawi B'i
Biasis da Sua iuris TixaFiglebis yazbeg-
0 agodexis zonas (I) da, nawi Bobriv, gagra-
jJavis zonis porfiritulli iuris (baiosi)
CrdiBloeT gvezonas (ls) uWiravs. teqtonikuri
suraTi Zallze rTullia xazobrivi naoWebis
paraleBurad ganfenis tipis struqturebic
xSiria, romlBebic regionuli da Bokaluri
wyvetiTi disBokaciebiT aris garTullebulli.

bunebrivia, sakvBevi teritoriis sarekog-
noscirebo marSrutebiT Seswavlis procesSi
yuradReba gamaxvi Bebullia im ubnebze, rom-
Bebic saSiSi  geodinamikuri  mov Benebis
TvallsazrisiT, garemoze zemogmedebis mxriv
gansakuTrebiT mowyvBadia statiaSi wamoW-
rili sakiTxis specifikurobidan gamomdinare,
garemoze zemogmedebis Sefasebis sociallur
aspeqts saerTod ar vexebiT [4].

kB asikuri gagebiT, tipuri mewyrulli Ffer-
dobebi, miwis didi mocu ll obis moZravi masiT,
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mdinareebis enguris, nenskras,
Baxanis, xaiSuras da kasBeTis xeobebSi.
aseve xSiria Camongrevis tipis bHRokuri
mewyrebi, romBebic yveBla SeswavBlili Xxeo-
bisTvis aris damaxasiaTebeli. naSali TFer-
dobebi, romBebic umTavresad Tixa Fiqlebis
sxvadasxva zomis natexebiT aris agebulli
(nawi B obriv qviSagvebis natexebiTac), miekuTv-
neba Svavebis kategorias. arc maTi gavrce-
Bebis arealia SezRudulli erTi an ori
rome Bime xeobiT. gamomdinare statiis Hinmi-
tirebuli  mocullobidan, cxadia, yvela
damaxasiaTebe 1 ubnis aRwera ver moxerxdeba
da amitom, gansakuTrebiT saSiS ubnebs
ganvixi BavT, saTanado Fotodokumentaciis
TanxBebiT. amasTan, aucilBebeBia xazgasmiT
aRiniSnos, rom aRweras daqgvemdebarebullia
mxoBod is ubnebi, romBebic wyallsacavis
Segmnis Semdeg misi uSuall 0 zemogmedebis qveS
aRmoCndeba, Torem, sxva mxriv, Seswavilil
teritoriaze sainJinro-geo b ogiuri Tvall saz-
risiT mwaved sensitiuri ubnebi uamravia
daviwyoT delBuviur safarSi ganviTare-
buli pBastikuri mewyrebiT. erT-erTi amg-

XSiria

vari tipuri ferdobi im adgi Bas mdebareobs,
xaiSis

sadac sof. Sesasvilel Tan

FirniSia

sagzao

sur. 2. mewyeri md. enguris xeobis marcxena Fferdobze,
soF. xaiSTan

<

S a Wt

sur. 3. betonis damcavi kedel i igive ferdobis
gaswvriv
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ferdobi maRali da cicaboa, TiTgnis Sve-
ulli. zeda nawi BSi qgviSnaris Semavseb Il iani,
didi zonmis, kargad damuSavebulli Bodnari
da kaWar-kenWnaria gaSiSvBebulli. am monak-
veTze Ferdobi aSkarad mobi Buria, razec mis
gaswvriv, daaxBoebiT 60 metris sigrieze
amoSenebu Bi betonis sayrdeni kedeBi miuTi-
Tebs. wyall sacavis egspBuataciaSi gadacenis
Semdeg, periodullad dasvelebis pirobebSi,
ferdobis CamoSBa da wyallsacavSi Caqceva
gardauvallia. anallogiuri suraTi aRiniSneba
centralluri saavtomobiBlo gzis xaiSi
Balxoralis (kaSxHis saproeqto adgi Bmde-
bareoba) monakveTis TiTgmis mT Bian sigrZeze,
rac mdgomareobas kidev ufro arTullebs.
savaraudoa, rom ferdobis mowyvetis sibrt-
yeze gaSiSvlebulli Bodebi da kawari Ziri-
Tad ganBagebaSi arsebulli uxeSnatexovani
Txvieri kongBomerati unda iyos, romelic
bunebrivad mSrall mdgomareobaSic ki, uaR-
resad arastabi Buria

mraval Ta Soris meore damaxasiaTebelli
ubani md. enguris xeobis mar_jvena napirze
mdebareobs, wyal sagdebi gvirabis zeda por-
talidan daaxBoebiT 300 metris daSorebiT
dinebis aRma.

sur. 4. mewyeri md. enguris xeobis
mar jvena napirze

maRalli da cicabo ferdobis ZirSi engurs-
gaRma xaiSis gruntis gza gadis. ferdobis
zeda nawi B Si moCans uxeSmarcv B ovani mkvrivi
qviSagvebis gaSiSvleba, xoBo ZirSi @aSiSv-
Bebidan mowyvetiBi Bodebis danagrovebia
aqvea wvrillmarcvBlovani Rvarulli naSali.
gveda mxridan Fferdobs sakmaod mZBavri
deBuvioni agrZellebs, romelic miuxedavad
masze ganviTarebuli mcenareulobisa aSka-
rad mobi Buri masaa. advi B misaxvedria, rom
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wya B Si dasve Bebis Semdeg mewyru B i procesi
mniSvne B ovnad gaaqtiurdeba

Camongrevis tipis bBokuri mewyrebis
TvalsaCino magall iTad gamodgeba mdinareebis
enguris da nenskras xeobebSi aRwerilli nmra-
vall Tagan zogierTi ubani.

sur. 6. bl okuri mewyeri md.
nenskras xeobis mar jvena ferdobze

md. enguris xeobis mar_jvena napirze, sof.
Baxanis dasawyisSi, saavtomobillo gzis
zeda Ferdobze ganviTarebulli bEokuri
Camongreva-mewyeri FuZeze 30 metris siganis
Camongrevis konusiT aris warmodgenili.
Ferdobis zeda nawi B Si qviSagvebis mZBavri
gaSiSvlebaa karnizis saxiT, romelic peri-
odulli Camongrevis keras warmoadgens. fer-
dobi uSuallod ebjineba nmestia-zugdidis
saavtomobi Bo gzis vakiss, romelic am mo-
nakveTze permanentu l gawmendas saWiroebs.

meore mewyru B i ubani md. nenskras xeobis
marjvena napirze mdebareobs. TFerdobis
gaswvriv gamavalli saavtomobi Bo gzis zeda

mxares, daaxBoebiT 300 metris sigriis
monakveTze Camonangrevis uzarmazari masa
aris dagrovilli. ferdobi safexurebrivia,
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zeda nawi BSi — cicabo, qveviT — SedarebiT
damreci. fotoze naT Bad mosCans ZiriTadi
ganebis mZBavri gaSiSvleba, romelic Ca-
mongrevis keraa. zogadad unda aRiniSnos,
rom md. nenskras da md. Baxanis Sesar-
Tavidan dawyebu Bi qveviT, daax BoebiT 3 km-
is manZi B ze, winamTianeTis zoli ukidu-
resad arastabi Buria da reallur safrTxes
ugmnis momava Bi wyall sacavis egsp B uatacias,
miT umetes, Tu md. nenskraze callke kaSxHis

mSeneb Boba ganxorcielda, rogorc es
proeqtiT aris gaTvaliswinebulli.
wya B sacavis egspBuataciis seriozul

gamarTulebel Fagtorebs Soris upiratesi
roli mZBavr, naSall ferdobebs miekuTvneba,
ramdenadac wyall sacavis tevadobis mkveTrad
Semcireba swored naSalli masis Camocure-
basTan igneba dakavSirebu Bi. tegstis gadat-
virTvis Tavidan acillebis mizniT mravall-
Tagan mxoBod erT-erTi Fferdobis aRweri-
I obaze SevCerdebiT, romelic sof. jorkva-
Bis samxreTiT, daaxBoebiT 05 km daSo-
rebiT, md. enguris xeobis mar jvena napirze
mdebareobs da datborvis zonaSi xvdeba.

sur. 7. ferdobi mZBavri naSaliT
soFf. jorkval Tan

am adgi Bas uzarmazari naSalli Fferdobia,
romelic ZiriTadi ganebis gaSiSvlebebs
Sorisaa moqceulli. naSalli masalla Tixa-
FigBebis namsxvrevebiT aris warmodgeni i,
ufro iSviaTad qviSaqvis natexebsac vxvdebiT.
Tferdobis ZirSi, saavtomobi Bo gzis vakisis
siaxBoves didi zomis Bodebi aris dag-
rovi B i. mestia-xaiSis gzis marcxena mxares,
mdinaris kalapotamde, 200 metri siganis
movakebuBi terasa mdebareobs, romellzec
sacxovrebe i saxBebi da sakarmidamo ezo-
ebia ganBagebuli. datborvis Semdge, cxadia,
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terasa wyBiT daifareba, xoBo zemoT naxse-
nebi naSali Fferdobi wyallsacavSi daubr-
ko leb B ad gadainacv B ebs.

sur. 8. sof. jorkvali, viwro
alluviuri terasa

TRANS ELECTRICA LIMITED-is mier Sedge-
nil tegnikur reziumeSi wyall sacavSi nata-
nis dagrovebasTan dakavSirebiT aRniS-
nullia, rom ZiriTadad gasaTvaliswinebellia
md. enguris mier Camotanilli masalis
sedimentacia, radganac md. enguris natanis
mocu B obasTan SedarebiT, Senakadebis (maT
Soris, md. nenskras) natanis moculloba
Zalian mcirea [5. rogorc Cans, aq ar aris
gaTvaliswinebulli maRali, mobiBuri, Sla
di, cicabo ferdobebi, romell Ta periodulli
CamoSBa wyallsacavSi savsebiT realluria,
rac savaraudod mkveTrad aRemateba mdina-
ris mier Semotani B natanis mocu I obas. md.
nenskras da md. xaiSuras SedarebiT kargad
ganviTarebulli kalapotebi da kalapotzeda
terasebi aqvT, romBebzec quiSis da xreSis
Semavseb B iani kaWaris da Bodnaris saxiT
didi raodenobis uxeSnatexovani masalla
aris dagrovilli. es monakveTebi datborvis
zonaSi xvdeba. kaBapotSi dagrovill klas-
turi masalis uzarmazar masas CamoSHili
Ferdobebic rom daemateba, wyall sacavi ver
SeinarCunebs saproeqto moculobas _ 3645
mi Bioni md amis misaRwevad saWiro gaxdeba
wya l sacavis Fskeridan naSalli masalis di-
di raodenobis permanentu lad amoReba.

oriode sityviT hidrogeo logiuri gamar-
Tullebeli TFagtoris Sesaxeb. wyall sacavis
Segmnis Semdeg Ferdobebidan mdinareTa xeo-
bebSi Semomavalli gruntis wyBebis gant-
virTva dabrkoBdeba, adgilli egneba Set-
borvas, ris Sedegadac gruntis wylebis
done aiwevs da TFerdobebze gavrcelebulli
xSiri mcenareuloba Warbtenianobis piro-
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bebSi aRmoCndeba. aman SeiZBeba daazianos literatura
mcenareTa garkveu Bi endemuri saxeobebi. 1. xudonhesis garemoze da socialluri zemog-
medebis Sefaseba sagarTvel os energetikis

3. daskvna saministro. saboB oo angariSi. Tbilisi,
Tu statiaSi moyvani B fagtobriv masall as 2008.

SevajamebT, adviBi SesanCnevia avtorTa uar- 2 Republic of Georgia Ministry of Energy. Khudoni Hydro-

yoFiTi damokidebulleba zogadad xudonis power Project. Thilisi, 20122.

hidrotegnikuri  kompBegsis  mSenebBODiS 3 reonoms CCCP.  rpysuHckas CCP. Tom X, / Pep,

mimarT, magram Tu garkveuli saxe Bmwifoeb- Famkpenmage M.J, Mocksa: HELPA, 1964.

rivi aspeqtebis gamo, kompBegsis mSenebBoba , u. zviadaZe, m mardaSova angariSi xudon-

aucillebBad unda ganxoriceldes, Cveni hesis mSeneb M obis garemoze zemogmedebis
azriT, umjobesi igneba kaSxBis simaRle SefFasebis Sesaxeb. Tbi Bisi. 201l

ga”'_saiz‘_’rgstbara_ ““;ftef_ bl_oo _mSetrllsa. 5. TRANS ELECTRICA LIMITED — Khudoni hydro power
vartantor datborvis Tariobi misvne R ovna project (702 MW), Technical sum-mary, Thilisi, 2010.

Semcirdeba da sainJinro-geoBlogiuri Tval-
sazrisiT bevr katastrofull ubans avcdebiT.

UDC 624.131.31
ENGINEERING — GEOLOGICAL QUESTIONES CONNECTED WITH RENEWAL OF KHUDONI
HYDRO-ELECTRIC POWER STATION

U. Zviadadze, M. Mardashova, A. Kemoklidze
Department of geology, Georgian Technical University, 77, Kostava str, Thilisi, 0175, Georgia

Resume: There are considered the engineering — geological, partially hydrogeological processes, wich due to the
actual existence objective reasons should be considered as negative during the building and further exploitation of
Khudoni hydroknot both from point of view not only on environment’s impact, but also directly on the hydroknot
buildings.

Key words: dam; reservoir; plastic and block landslides; avalanche; ponding.
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Pe3tome: PaccMOTpeHbl UHXEHepPHO-reoNorMyeckme, YacTMYHO rMAPOreosormieckme Bonpockl, KOTopble, 13-3a
HanMumsa GakTMYeCKn CYLLECTBYIOLLMX OGBEKTUBHBIX MPUYMH, AO/MKHbI ObiTh NPU3HAHbLI KaK HEraTMBHbIE B NpoLiecce
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vakuum-amZravebis sakontaqto zedapirebis optimaluri parametrebis

kvleva da analizi
n. mo Bodini*, r. mo Bodini

sanTo tegno B ogiebis departamenti, sagarTve 1 0os teqnikuri universiteti, sagarTvell o,

0175, Thi Bisi, kostavas 77

E-mail: nor_mol@gtu.ge; nor_mol@mail.ru

reziume;: naSromSi ganxi Bulia vakuum-
amZravis axalli sakontagto zedapiris kvle-
vis Sedegebi; damuSavebu llia vakuumis wya-
rosTan sakontagto zedapiris SemaerTebel i
kvanZis gaangariSebis meTodika, el astohi-
drodinanikuri reJimis anu zomerfeldis
ricxvis gaTvaliswinebiT, SerCeullia amZra-
vis rgolur WriteSi xaxunis procesis
Bentur sakisarTan gaigiavebis sqgema; sakon-
tagto zedapiris yvella parametri gamosax-
ullia ZiriTadi elementebis zomebis mixed-
viT: vakuumis wyarosTan SemaerTebeBi nax-
vretis diametriT, vakuum-dolis diametriT
da sakonveiero Bentis siganiT.

sakvanZo sityvebi:
CaWidebis koeFicienti;
kuum-do bi; vakuum-amZravi; e Bestohidrodi-
namika, amZravis rgoBluri Write, zomer-
fel dis ricxvi; Benturi sakisari.

sawyisi daWimu B oba;
wevis Tagtori; va-

1. Sesavalli

Fxvieri da natexi tvirTis transporti-
rebis erT-erTi srullyoFilli da perspeqgti-
ulli saSualleba aris uwyveti mogmedebis da-
nadgari — Benturi Kkonveieri. Tanamedrove
danadgarebSi wevis Zalebis realizacia Zi-
riTadad xorciel deba: sakonveiero Bentis
sawyisi daWimu B obis an amZravi do Bebis
raodenobis cvBlillebiT HBentis Semoxvevis
kuTxis gazrdis xar jze, rac iwvevs sawyisi
daWimu B obis SemgmneB i sajalambre mowyo-
bi Bobisa da Zvirad Rirebulli maRalli simt-
kicis sakonveiero Bentis aucilebel saWi-
roebas. wevis Zalebis realizaciis ZiriTad

meTodad miviCnieT wevis Fagtori (e““) da
aqcenti gavakeTeT maRali CaWidebis koefi-
cientze (p) aRniSnull  SemTxvevaSi sakon-

veiero Bentis simtkice magsimaBurad ga-
moyenebu B 1 igneba ara daWimu B obis gazrdi-
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saTvis, aramed danadgaris maRali mwar-
moeb Burobis misaRwevad an konveieris dga-
ris sigrZis gasazrdelBad. am miznis misaR-
wevad, saavtoro uflebiT, axali konstrug-
ciis amZravi vakuum-doBis SemoTavazebiT
mocemu B ia vakuum-amZravis axali konstrug-
ciis sakontagto zedapiris kvBevis Sedege-
bi.

2. ZiriTadi nawi i

kv Bevis gamartivebis mizniT, winamdebare
naSromSi, saavtoro ufBebiT Cven mier Se-
moTavazebuli amZravis rgoBuri Writes
Fizikuri modeli SevadareT MBentur saki-
sars da kvBevebis dagegmva-analizisas ga-
viTvaliswineT: makroe Bastohidrodinamikis,
vakuumSi Fizikuri procesebis, moculobiTi
hidravBlikuri manganebis muSaobis Teoriis,
tribonikis da meganikis zogadi debu B ebebi.

Teoriulli kvBevebis Sedegad, Cveni SemT-
xvevisaTvis, miRebu Bl ia vakuum-do B is sakon-
tagto zedapirebi da vakuumis wyaroebTan
maTi SemaerTebe B i kvanZebi: grZivi RarebiT
4, am Rarebze centralluri 1, periferiulli
wriulli 3 da 3' amonaCarxebiT da miRebulli
mocu B obebis avtonomiuri vakuumuri mega-
nizmebis (avm-is) dguSiseull sivrcesTan
SemaerTebeli centraluri naxvretebiT 2
(ix. nax.l) warmodgeni B'i martivi e Bementebis
saxiT. kolBegtorian vakuum-do BebSi es elle-
mentebi sakmaod grZeli da rTulli Babirin-
Tuli recipientebi anu vakuum-arxebia. geo-
metriulli parametrebis (mi B sadenebis sigr-
Ze, naxvretebis diametri da siRrme, grzZivi
arxebis moculobebi, maTi geometriulli
formebi da zomebi da aS.) gaangariSebisas da
rgollur WriteSi mimdinare xaxunis
procesis upirates pirobebSi warmarTvisaT-
vis SerCeull igna xaxunis svelli da zRvrulli
reJimebi, rodesac cocia, Cveni SemTxvevi-
saTvis sakonveiero Benti, sayrden zedapirze
anu vakuum-dolis sakontaqgto zedapirze
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tangencialuri moZraobiT ganapirobebs misi
Semkavebe B1 _ SemzeTi siTxis gamownexvas.

axall i sakontaqto zedapiri

miviReT, rom gasauxSoebeli rgoluri
Wvritesa da gamauxSoebe Bi1 meganizmis Semaer-

Tebeli elementis _  naxvretis diametri
ganoiTvleba FormuBiT [1]
O =095Q 4|2 )
Ap
Tu gaviTvaliswinebT, rom am gamo-

saxu B ebaSi erTeu Bl ovani drois Q=V, maSin

V:gﬁ .
\ P

dhax-1S MniSvne B obis saangariSod saWiroa
daTvlill ignes grzZivi arxis mocullobis
(v=Q)-s is realuri mniSvneBloba, rombi-
danac “drekadi srialis~ rkallis garbe-
namde, siTxe uwyvet nakadad gadaedineba
dguSiseull sivrceSi. amitom vsargebBobT
gamosaxu BebiT [3]

~ (0,1...0,2)R 4

Q:VSesaZlo - CXr -

VI ent

Vsesazno-S MiRebu Bi mniSvne Boba aris va-
kuum-do Bis sakontagto zedapiris grZivi
arxis moculloba, xoblo (1) gamosaxu BebiT
naangariSebi Ahax-1S mniSvne Boba aris
wriulli amonaCarxebis erTmaneTTan da avm-
is dguSiseull sivrcesTan SemaerTebeli
grZivi Rarebis sigane.

eqsperimentulli monacemebis mixedviT
wriull i amonaCarxebis optimaluri diametri
danonac=3dnax; XO B O amonaCarxebis centrebs
Soris manZi bi lyonac=2damonac=6dnax-

amonaCarxebis raodenoba erT grZiv arxze
By

6dnax

By —2da0nac _ -1

n =
amonaC
2damonac
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sadac By aris sakonveiero HBentis sigane;

0oy - vakuum-meganizmis vakuum arxTan dama-
kavSirebe Bi naxvretis diametri.
grZivi arxebis biji
t=(4-45) dyonac = (12-135) e -

arxebis raodenoba dolis sakontagto
zedapirze
/(D) /(D) D
Mgy = — 4 -(026-023)—2.

t _(12_1315)dnax nax
D4 - vakuum-do Bis diametri, grZivi arxis

farTobi

2
ﬂdamonac

= n +n
4

amonaC dnax damonaC;
BI
6d

Sarx amonaC

— ”(3d nax )2

arx —
4

By
6d

_1+

nax

+

-1 d 3d

nax nax

nax

dasasrull wriulamonaCarxebiani

arxis FfarTobi
S,y = dnaX (1,6788. -10,065d (3)

winamdebare naSromis (2) da adrindel
kv B evebSi miRebu Bi gamosaxu Bebis mixedviT

(3]

grzivi

nax)‘

0,AnDy
VSesaZIo = Vlent CXr '
xolo vakuum-doBlis SerCeulli etalo-
nuri mode B isaTvis
0,AnDy
Sesazllo — VI ot cxr. =
0,1 3,14 2,674
= Tvcxr =0,0999 Vexr - (4)
maSin (3) da (4 gamosaxulebebis gaTva-
BiswinebiT etalonuri modeBis Raris
siRrme
_ VSesaZIo _ 0,0999 chr
hRaris - -

arxisa dnax (11 678BI -10, 065dnax)

amgvarad, vakuum-do B is sakontagto zeda-
piris yvella geometriulli zoma gamosaxull ia
naxvretis dp diametris, vakuum-doBis D
diametris da sakonveiero Bentis Bgent Si-
ganis saSuallebiT. aRniSnuli parametrebis
gaangariSebisas vsargebBobT me-2 cxrillis
monacemebiT [1], saidanac cxrillis ricxviT
mniSvne B obebs virCevT im regionis klHi-
maturi pirobebis mixedviT, sadac unda imu-
Saos dasaproeqtebe Bma obieqtma (Benturma
konveierma modernizebu Bi vakuum-amZraviT).
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Benturi konveierebis amZravi vakuum-do-
Bebisa da misi sakontagto zedapirebis
konstruqciebis SeswavBiT, BentTan sakon-
tagto rgolur WriteSi makroelastohid-
rodinamikuri relimisas, vakuumis Segmnis
procesebis analiziT da axalli tipis (kons-
truqciis) sakontagto zedapirze siTxis
Sris sisqgisa da nmisi sadrenalJo efeqtis
Teoriulli da egsperimentull i gamokv l evebis
[4,5] Sedegebis safuzvell ze, SeiZleba gakeT-
des Semdegi daskvnebi da rekomendaciebi.

3. daskvna

1. SemoTavazebuli axali tipis (kons-
truqciis) sakontaqto zedapiri aris sakon-
veiero BentisaTvis kargi sayrdeni da mci-
re sawyisi moculobis mgone centralluri
gawovis vakuum-arxebiT daproegqtebull sa-
kontagto vakuum-zedapiri.

2. avtonomiur vakuumur meganizmebiani
(avm) amZravebi SemoTavazebuli axali sakon-
tagto zedapiriT, perspeqtiullia da iZleva
saSuall ebas:

_ sakontaqto zedapirze, rgolur Wvri-
teSi vakuumi Seigmnas, praqtikulad ukumS-
vadi wveTovani siTxis (Txevadi dguSis) sa-
SuallebiT;

__identuri wevis Zalebisas sxva tipis
anZravebTan SedarebiT, gamoviyenoT ufro
nak Bebi simtkicis Benti an gavzardoT sa-
konveiero dgaris sigrZe;

_ miviRoT maRali da Tanabrad ganawi le-
bulli vakuumi amZravis rogorc ganivi, aseve
wriulli mimarTullebiT, rac amaRBebs nmis
efeqturad gamoyenebas margi gmedebis koe-
ficientisa da amZravis sakontagto zeda-
pirze dayvanili kuTri simZBavris gazrdis
Sedegad;

_ vakuumis Formireba davasruloT kom-
pagturi avm-is saSuallebiT mTeli sakontag-
to rgoluri Writes (0,0502)ay Sesabamis
rkallze, romelic iwyeba amZravze MNentis
swrafobis wertilidan anu ew. “SedarebiTi
simSvidis rkall ze”;

3. makroe Bastohidrodinamikur reJinSi
momuSave vakuum-do Bis, Bentur sakisarTan
gaigivebis Semdeg, iteraciulli operaciebis
saSuallebiT, Benturi konveierebis amZrave-
bis gaangariSebis TeoriaSi pirvelad, ga-
moyenebu l igna SezeTvis gaangariSebis klla-
sikuri meTodebi da maTi Sedegebi.

4. davsaxeT xaxunis (CaWidebis) koeFi-
cientis sididis marTvis procesis realu-
rad ganxorcielebis idea da mivaRwieT mo-
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srialle zedapirebis wyvibis, SezeTvisa da
xaxunis (CaWidebis) xasiaTis cvlilebis
gansazRvras kHBasikuri meTodebis gaTva-
BiswinebiT, romelic warmodgenillia gra-
Fikulli saxiT koordinatebSi zomerfel dis
ganzogadebu Bi (Sp) ricxvi, xaxunis (f) (anu
CaWidebis M) koeFicienti [4,7] 5. navie-stog-
sisa da reinoldsis ganto Bebebze dayrd-
nobiT ganisazRvra dolisa da sakonveiero
Bentis sakontaqgto WvriteSi siTxis Sris
sisge h, misi h, mniSvneBoba Semoxvevis
saZiebo kuTxis centralBlur nawi BSi [5] da
maT Soris gansxvaveba 4h ori konkretuli
SemTxvevisaTvis: 1) rodesac sakontagto ze-
dapiri gayofilia ”"drekadi srialis” da
aramosrialle anu “SedarebiTi simSvidis”
ubnebad da 2) pirobisaTvis, romBis mixed-
viT sakontagto zedapirze “simSvidis rka-
1i” ar arsebobs;

6. orive SemTxvevisaTvis miRebullia gan-
tolebebi 4h, hy, da h-is gaangariSebisaTvis
[5], ramac saSualleba mogvca gangvesazRvra
vakuumis Segmnis procesis srullyofisaTvis
sakontaqto zedapiris grZivi arxebis opti-
maBuri konstrugcia [6] da maTi sawyisi
auci lebell i mocull obis mniSvne I oba.

7. damuSavebu Bia rgoluri Writedan va-
kuumis Semgmne B i1 meganizmis (kerZo SemTx-
vevaSi dguSiseulli sivrcis) mocull obasTan
damakavSirebe D naxvretSi siTxis uwyvet
nakadad gadadinebis gaangariSebis meTodika,
romelic uzrunvelyofs Tanabari da saWi-
ro vakuumis sididis Formirebasa da Senar-
Cunebas. gaangariSebis meTodika misaRebia
nebismieri diametris anZravisaTvis, Bentis
nebismieri siCgarisaTvis, temperaturulli
redJimisa da vakuumis saWiro sididis gaTva-
B iswinebiT.

8. Fizikuri modelebis saSuallebiT vaku-
um-amZravebis vakuums daqgvemdebarebulli mo-
xaxune zedapirebis makrosimgiseebis, HBo-
kaBur rezervuarebsa da kapi BarebSi siT-
xis moZraobis Teoriullad da eqsperimen-
tullad SeswavBam ganapiroba vakuum-amZra-
vebis sakontaqto =zedapirebisa da vakuumis
Semgmne B i meganizmebis optimaBuri paramet-
rebis (vakuum-arxebis da maTi urTierTda-
makavSirebe i kvanZebisa da naxvretebis, ci-
B indr-dguSebis da muSta meganizmebis da
a.S.) dadgena.

9. damuSavebu Bia tegnikuri moTxovnebi
vakuum-anZravebis yve la teqgno Bl ogiuri rgo-
BisaTvis. Seswavlillma samecniero-kvleviT-
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ma da Cven mier Sesrullebullma Teoriullma ganizmamde siTxis uwyvet nakadad gadadi-

da egperimentu B ma kvl evebma utyuarad gviC- nebis kvBeva // samTo Jurnali, Nel-2 (18-

vena, rom Tanabari da saWiro sididis vaku- 19). Tbi Bisi, 2007, gv. 31-36.

umis Formireba damokidebulia ara mxolod 2 n moBodini, r. molodini. anZravi vakuum-

sakontaqto zedapirebis konstruqciisa da dolis vakuumuri meganizmebis ZiriTadi

vakuumis Semqmne Bi  meganizmebis Sesazlo paranetrebis gaangariSeba / sanTo Jurna-

amotumbvis siswrafeze, aramed maTi Semaer- i, Nol(24). Tbi Bisi, 2010, gv. 85-87.

TebeBi vakuumuri arxebis (recipientebis, 3 pn noBodini, r. nolodini. vakuun-dollis

naxvretebis) gamtarunarianobazec. uZravi mrudwiruli mimmarTve Bebis opti-

maBuri parametrebis gaangariSeba // sam-

literatura To Jurnall i, Nel(26), Thi Risi, 2011, gv. 80-83.

1 n. moBodini, r. noBodini. vakuum-anZravis 4 A Myp. Tpenve n cmaska snacTomepos. Mocksa:
sakontagto Wvritedan gauxSoebis me- Xumms, 1977, c. 87-171.

UDC 622.647

RESULTS OF THE THEORETICAL AND EXPERIMENTAL RESEARCH OF THE VACUUM - DRIVES
OPTIMAL PARAMETERS AND THEIR ANALYSIS

N. Molodini, R. Molodini
Department of mining technology, Georgian Technical University, 77, Kostava str, Thilisi, 0175, Georgia

Resume: There is analized results of scientific researchs for vacuum - drivers new contact surface - and calculation
method of the most advantageous connective unit of the vacuum - drive with vacuum - sourse is received. Taking into
consideration the questions, concerning with elastohydrodynamics , that the Sommerfeld number, theoretical circuit
of technological process of friction regime in advantageous conditions, which takes place in circular hole is realyzed.
All the parameters of the contact surface are expressed by the sizes of main elements, such as: diameter of the con-
nective hole with vacuum - source, diameter of the vacuum - drum and width of the conveyor belt .

Key words: initial tension; coefficient of cohesion; traction factor; vacuum-drum; vacuum — drive; elastohydrody-
namics; drive circular-hole; Sommerfeld number; belt bearing.

YK 622.647
NCCNEQOBAHWE 1 AHANA3 ONTUMAJbHBIX MAPAMETPOB KOHTAKTHbIX MOBEPXHOCTEWM
BAKYYM -MPNBOJA

MonoguHn H.LWW., Monoanuu P.H.
[JlenapTaMeHT ropHoi TeXHOMOrK, MPY3NHCKUIA TEXHNYECKNIA yH1BEpCUTET, Ipy3uns, 0175, Tomunucew, yn. Koctasa, 77

Pestome: [aetcs aHanv3 uccnefoBaHWiA Ans HOBOW KOHTaKTHOW MOBEPXHOCTU BaKyym-npuBoga. PaspaboTaHa
MeToAMKa pacyeTa y3na NpUcoeauHeHns K NCTOYHUKY Bakyyma. C y4eToM 3/1acTorMapoArHaMMIYeckoro pexxmma, T.e.
uncna 3ommepdenbaa, BblopaHa CXeMa CXOACTBA B KOMbLEBOW LENN TEKYLIETO PEXMMA TPEHUSt C JIEHTOUYHbLIM
NOALMNHUKOM. Bce napameTpbl KOHTAKTHOW MOBEPXHOCTW BbipaXKeHbl C MOMOLLLID TakuX OCHOBHbIX pa3mMepoB
3IEMEHTOB, KakKVMW SBAIOTCA: AMAMETP OTBEPCTWS, COEAMHSIOLLEr0 C MCTOYHMKOM BaKyyma, AvMameTp Bakyyma,
HapabaHa ¥ LWMPVHa KOHBENEPHOI NEHTDI.

KnoueBble C/10Ba: npeaBaputeNibHOE HaTsKEHME, KO3(MMULIMEHT CLENNEHUs; TATOBbIA (aKTOp; BaKyym-
bapabaH; BakyyM-NpuyBOA; 3M1acTOrMAPOAVHAMMKA; KOMbLUEBas Lenb NpMBOAa; YMCio 3o0MMepdhensaa; NEHTOUHbINA
NOALLMMHUK.

miRebu B ia dasabeWdad 27.02.2013
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sagangebo situaciebisagan individualuri damcavi saSuall ebebis

gamoyeneba
n. kiknaZe n. meqvabiSvilli

Sronmis usaFrTxoebisa da sagangebo situaciebis marTvis departamenti, sagarTve l 0s
tegnikuri universiteti, sagarTve bl o, 0175, Thi bisi, kostavas 77

E-mail: n.kiknadze@alltours.ge

reziume: ganxi Bullia sagangebo situacie-
bisagan individuaBuri dacvis saSuall ebebis
gamoyeneba. individuaBuri dacvis saSualle-
bebisadmi FrTxi i damokidebuleba uzrun-
ve BlyoFfs saSiSi da mavne sawarmoo Tagto-
rebis mogmedebis Tavidan acilebis maRal
allbaTobas. eleqtromagnituri gamosxivebis
dros gaTvaliswinebullia generatorTan mu-
Saobis sanitarulli normebebi, momuSaveTa
dacvis meToduri miTiTebi. statiaSi moyva-
nilia sawarmoo saTavsebis geometriulli
normebi.

sakvanZo sityvebi:
zo b ebi.

respiratorebi; aero-

1. Sesavalli

mecnieru ll -tegnikuri progresis Semdgonmi
ganviTareba da warmoebebis masStabebis ga-
FfarToeba saxall xo meurneobis yve la dargSi
dakavSirebu B ia sxvadasxva mavne Fagtorebis
radioagtiuri, Bazeruli, elegqtromagnitu-
ri, inFrawiTe li, momwamv Bavi nivTierebebis
gamoyenebasTan. yove Bive es iwvevs momuSave
personallis sagangebo situaciebis qveS
dayenebis SesaZlBebl obas. ubeduri SemTxve-
vebis dros SeiZleba momsaxure personallis
organizmis daavadeba, zog SemTxvevaSi sa-
mudamo invall idoba an sikvdi B i.

Sromis swori organizaciisa, individua-
Buri damcavi saSuallebebis da RonisZiebe-
bis zustad Sesrullebisas yvela saxifaTo
sagangebo situaciebi SeiZBeba Tavidan avi-
cilloT.

2. ZiriTadi nawi i

samuSaos dawyebis win auci Bebelia dam-
cavi mowyobi B obebis efeqturobis Semowme-
ba. individuaBuri dacvis saSuall ebebisadnmi
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FrTxili damokidebulleba uzrunvelyofs
saSiSi da mavne sawarmoo Taqtorebis mog-
medebis Tavidan aci Bebis maRall allbaTobas.

zogierT xelsawyosTan mxoBod srul-
wBovani axallgazrdebi daiSvebian. eleg-
tromagnituri gamosxivebis dros gaTvallis-
winebu B'i unda iyos generatorTan muSaobis
sanitarulli normebi, agreTve zemaRalli six-
Siris gamosxivebisagan momuSaveTa dacvis
meToduri miTiTebebi.

| JgufFis danadgarebi unda moTavsdes
ganca B kevebul saTavsebSi, sadac dauSvebe-
Bia iseTi samuSaoebis Sesrullebaromlebic
aRniSnulli danadgarebis eqspBluataciasTan
ar aris dakavSirebuli.

Il JguFis danadgarebi, garda elegqtro-
nulli mikroskopisa da eleqtronull-sxivuri
danadgarisa, sawarmoo saWiroebis SemTxve-
vaSi SeiZleba ganBagdes saerTo saTavsebSi.
Baboratoriis saTavsi unda iyos mSrali
da gamThari.

sanuSao saTavsis ventilacia unda ak-
mayofi Bebdes gaThobis ventilaciisa da
haeris kondecirebis proegtirebis normebs.
gaTvaliswinebulli unda ignes Warbi siTbhos
gayvanis auci Bebll oba

higienuri TvallsazrisiT didi mniSvne-
B oba agvs danadgaris swor ganTavsebas da
saTavsis swor dagegmarebas.

samuSaos xasiaTis mixedviT Tvall ze momg-
medi sawarmoo Ffagtorebia meganikuri, gimi-
uri, Termulli, garda amisa Tvallis daziane-
bis mizezebi SeiZlBeba iyos zemaRali six-
Siris denebi da gamosxivebebi.

Tvallebis dacvis saSuallebebis efeqtu-
roba damokidebulia saTvalis swor arCe-
vaze, individualur morgebaze, saimedo Fig-
saciaze, maT mov B aze da Senaxvaze.

l-el naxazze gamosaxulia individualu-
ri damcavi saTvall eebi.
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nax.l. Tvallis damcavi saSualebebia; a _ Ria tipis saTvalle gverdullas gareSe "O3K~; b _ Ria tipis saTvalle "03-
H~ kapronis badiT da gadasawevi gverdullaTi; g _ damcavi saTvalle SemomWre BebisaTvis; d _ Hhermetuli saT-
valle; e _ eleqgtromagnituri gamosxivebisagan damcveli saTvalle; v _ universalluri fari-niRabi el eqgtroSendu-
Reb B ebisaTvis /IMNOT 51/54/1 _ Fibris ekrani, 2 _ SugFil tri. 3 _ saTavisi

e Begtrodanadgarebis momsaxurebis dros gamoiyeneba Semdegi damcavi saSuall ebebi (nax.2)

nax.2. e leqtrodanadgarebis momsaxurebis dros gamoyenebu i damcve Bi saSuall ebebis zogierTi saxe:
a _ maizolirebeli Stangi, b, g, d, _ dieleqtrikulli xe I TaTmanebi, botebi, kall 0Sebi, e _ rezinis
xalicebi, v _ maizolirebeli gvesadgani, z _ monitoris instrumenti maizoBirebeli saxe BurebiT,
T _ dengamzomi marwuxi, i _ gadasatani Camiweba: 1 _ xraxniani momWeri, 2 _ sadeni fazebis
dasamok Beb Bad, 3 _ Camamiwebe B i sadeni, 4 _ ganCyuriani qanCis buniki

smenis oOrganoebis dacvis saSuallebebi da maxasiaTebBebidan gamomdinare. smenis
SeirCeva samuSao zonaSi xmauris donidan organoebis dacvis saSuallebebi sworad
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iTvleba, Tu samuSao zonaSi, in-
dividuaBluri dacvis saSuallebebis gamoye-
nebiT, xmauris doneebi ar aRemateba
zRvrull dasaSveb mniSvne I obebs.

specialuri damcavi tansacmBis daniS-
nu Bebaa daicvas momuSave mavne da saSiSi
meganikuri, gimiuri da meteorologiuri
Ffaqtorebisagan. spectansacmBis konstrug-
ciam unda uzrunve Byos efeqturi dacva

SerCeulli

Ne 2 (488), 2013

sasunTqi organoebis dacvis saSua ll ebebia;
respiratorebi, airwinaRebi, maizoBirebeli
sasunTqi aparatebi. maTi daniSnulebaa ada-
mianebis dacva mavne aerozo Bebis airebis,
orTglis zemogmedebisagan, Tu samuSao gare-
moSi maTi SemcveBloba aRemateba =zRvrul

dasaSveb koncentracias.
me-3 nax-ze gamosaxu B ia sunTqvis orga-
noebis dacvis saSua ll ebebi.

nax.3. respiratorebi: a _ “Jlenectok~; b _ ®-62LU; g _ “AcTpa-2~; d _ da
e _ universalluri PY-60M saTvaleebis gareSe da saTvalleebiT~

sawarmoo saTavsebis geometriulli zomebi darTullia danarTze

danarTi

sawarmoo saTavsebis geometriulli normebi

No normirebadi sidide

1 sawarmoo saTavsis FarTobi yovel 1 muSaze
sawarmoo saTavsis mocu B oba yovell 1 muSaze

3 erTsarTul iani Senobebis simaR e

(Tatakidan mzidi konstruqciebis gqueda zedapiramde)
4 mravalsarTu B iani Senobis sarTullis simaR e

minimaBuri

dasaSvebi
sidide
45 m2
1,5 m?

3,0 m
3,0 m2

5 sawarmoo saTavsis simaR Be iatakidan Weris yve Baze

gveda zedapiridan

22 m

6 sawarmoo saTavsis simaR Be iatakidan komunikaciebis

CamoSveri Bi nawi Bebidan:

ladamianebis regularullad gasasvlel adgi lebSi.
2.adgi Bebi, sadac adamianebi reguBlarullad ar moZraoben.

20m
15 m

7 gveiTi moZraobisaTvis gankuTvni Bi gvirabebi,

galereebi da estakadebi:

1.gvirabebisa da gallereebis simaR Be iatakidan

gadaxurebis yve Baze dabBa CamoSveri l nawi B amde.

21m

2.gvirabebi,galereebisa da estakadebis sigane

8 satransporto da sakomunikacio gvirabebis,gallereebisa

da estakadebis sigane.
l.gasasvlelis simaR e
2.gasasvilelis sigane:
a-erTi
b-or Bentur konveirs Soris

Benturi konveiris SemTxvevaSi

1,8
0,7
1,0
0,7

g-mi B sadenebis kabe Bebisa da sxva SemTxvevaSi
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3. daskvna literatura

ganvixi BeT saxallxo meurneobis yveBla 1 B. CxeiZe, n. xvarelia sawarmoo sanitaria
dargSi sxvadasxva mavne TFagqtorebisagan, da Sronmis higiena. Thi Bisi, 2003,
radioagtiuri, Bazeruli, eleqtromagnitu- 2 HB. CxeiZe, n. xvarelia n. boWoriSvili,
ri, momwamv Bavi nivTierebebisagan momsaxure i. boWoriSvili. zogadi da sainJinro eko-
personall is dacvis sakiTxebi. B ogiis safuzvilebi. ThiBisi, stu: 2005.

individuaBluri damcavi saSualebebis ga- 3. HopMbl paguauuoHHOW  GesomacHocT  HPB-75.
moyeneba da maTi mniSvne loba momsaxure ATOMW3OAT, 1978.
personallis sagangebo situaciebisagan dac- 4. MoneHos BB. [osumetpuueckre npueOpsl  Ais
vis mizniT. HaceneHus. M. SHEPTOV3OAT, 1991

5. n. meqvabiSvi Bi. sawarmoo usafrTxoeba da
individuaBuri damcavi saSuallebebi. Thi-
Bisi, 2013 w.

UDC 628.16.08
USE OF INDIVIDUAL PROTECTIVE MEANS FROM EXTRAORDINARY SITUATIONS

N. Kiknadze, N. Mekvabishvili
Department of labour safety and exraordinary situations management, Georgian Technical University, 77, Kostava str,
Thilisi, 0175, Georgia

Resume: There is considered issue of defence of the service stuff in all spheres of national economy from harmful

radio-active, laser, electro-magnetic influences, war gas, use of individual pratective means in case of extraordinary
situations.

Key words: respirators; sprays.

Y[IK 628.16.08
MPUMEHEHVE NHAVBUAYANBHBIX 3ALLMTHBIX CPEACTB OT YPE3BBIYAMHBLIX CUTY AL

KnkHagse H.T., Meksabuwsunm H.3.
[JenaptameHT ynpaBneHns 6e30MacHOCTbI0 TpyAa M UYpe3BblYalHbIMK  CUTyauMAaMK, [PY3VHCKWIA TEXHWYEeCKuid
yHuBepcuTeT, [py3us, 0175, Téunmew, yn. Koctasa, 77

Pestome: PaccmoTpeHbl BONPOCHI 3aLLMThbl CYXaLlero nepcoHasia BO BCEX OTPac/isX HapoAHOro X03ficTBa OT
BPEAHOr0 pagnalMoHHOr0, 1a3epHOro, 3MEKTPOMAarHWTHOrO BO3AENCTBUS OTPaBAAIOWMX BELLECTB; NPUMEHEeHMUA
VHAVBUAYaNbHbIX CPEACTB 3aWMThl B Cly4ae Ype3BbluaiHoli CUTyaLuu.

KntoueBble c10Ba: pecnvpatopsl; a3po30/u.

miRebu B 1a dasabeldad 11022013
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TEMNOBOW BAJTAHC M/TASMEHHOI OBPABOTKI MATEPUAOB B CPEZE BOAAHOI O MAPA

3. B. Cabawswunu*, 4. O. TaBxennase, A. K. CynamaHngse, H. N.Kogya, 3. T. Muegnunwwsmnm
[JenapTameHT MeTannyprum, MatepuanoBefeHns 1 0bpaboTkn MeTaoB, MPY3VHCKUIA TEXHUYECKWIA YHUBEPCUTET,

Mpy3us, 0175, Teunuck, yn. Koctasa 77

E-mail: z_sabashvili@gtu.ge

Pestome: Mpy pa3paboTke TEXHOMOMMK OAHOIN U3 Ba-
XKHeNLWnx 3agay ABNSETCS CocTaB/eHUe, uccnefoBaHue
N pacyeT TemaoBoro 6anaHca TEXHONOTMYECKOrO Mpo-
Lecca AN KOHKPETHOM nnasMoo6pasytollein cpenbl.
TennoBoii 6anaHc naa3MeHHON pe3kn matepuanos B
cpeae BOASHOro napa BblpaxkaeTcs )opmynoi

IU, +@o+3/5 x KT/o) + myp, x IEL+
tqpexH,0 T ApexHy = Vplc(Ty, —Ty) + q) + AT,

YBeNMYeHWIo TENIOBOI MOLLHOCTU Ayrn Coco6CTBY-
0T  BbICOKAsi HamNpsHXKEHHOCTb 3MEKTPUYECKOro MoNs
NNa3MeHHO Ayrn U TensoBble 3HEPrW, BblAENSEMblE
npv pekoMbuHaLMM Mosiekyn BOAOPOAA U KACI0poaa, a
TaKXe aTOMOB BOAOpoAda. PacuyeTbl, NPOBEAEHHble C
NCMOMb30BaHNEM 3KCMIEPUMEHTA/TbHBIX AaHHbIX, NOKa3a-
N, 4TO NOTpebnsiemMass MOLHOCTb WMCTOYHMKA NMUTaHWS
[ANs NNa3MEHHON pesku OT CeTU, B C/lyyae MCMosb-
30BaHMS BOASHOrO Mapa B KadyecTBe MNna3moobpasyro-
el cpefbl, MO CPaBHEHWIO CO CXaTbiM BO34YXOM
YMEeHbLUAeTCA NpumMmepHo Ha 20%.

KntoueBble cnoBa: nnasmMaTpoH; TenaoBOi 6anaHc;
TENMoBasi MOLLHOCTb; Cuia ToKa Ayrv; HanpspkeHue Ha
[lyre; peKoMOWHaLMs MOMEKYn W aTOMOB; HarpshKeH-
HOCTb 3M1EKTPMUYECKOro nons Aayru; ahPeKTUBHbIN K.N.A4.

1. BBEAEHWE

Pa3BuTe TEXHOMOMMM MNa3MEHHON 06paboTKM Marte-
pU1asioB CBA3aHO C TEM, YTO N1a3MeHHas ayra npeacTaBiseT
c060Vi TEMMIOHOCUTESNb C BLICOKMM TEM/I0COAEPKAHUEM K
Temneparypoii. Ee reHepupoBaHne BO3MOXHO B /000N
rasoBoil cpege. Bolbop nnasmoobpasyloleid cpedbl 3a-
BUCUT OT €€ TEeNIOPU3NYECKUX N XMMUYECKIX CBOICTB.
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Mpn paspaboTKe TEXHOMNOTMW, OJHON U3 BaKHEMLUMX
3afa4 SBNSETCS COCTaBMEHWe, WCCNeAoBaHWe U pacyeT
TENMOBOrO 6GafaHca TEXHONOrMYecKoro npouecca Ans
KOHKPETHOI MiasmoobpasytoLleli cpegpbl. B TexHonormm
MAa3MeHHON pe3ku Haubonee MepcrekTMBHLIM AB/SIETCS
NPUMEHEHME NeperpeToro BoasHoro napa [1;2].

MpeAacTaBnsnoc, MHTEPECHBLIM COCTaB/IEHME TEMN/I0BOrO
banaHca npouecca nnasmMeHHon 06paboTkM B cpede BO-
[SHOTO Napa Mo CPaBHEHWIO CO CXKAaTbIM BO3/YXOM.

2. OCHOBHAAYACTb

Mpy NNasMeEHHOW pe3Ke 3MEeKTPUYECcKas MOLLHOCTb
[Oyrn NoYTM NOMHOCTLI0 NPeBpaLLaeTcs B TENIOBYIO (Gqr)
N pacxofyeTca Ha Harpes njasmarpoHa (B OCHOBHOM Ha
HarpeB ero anekTpoja (q,) v conna (q.)), OKpyxatoLei
cpedbl (qq, ) (Ha OTKPLITOM yuyacTke cTonba ayrm) w
obpabaTtbiBaemoro nsgenus (q,,). Yactb Tenna tepsercs
C MOTOKOM M/ia3Mbl, MPOHUKAKLWEA Yepe3 TOMWMHY
mMeTanna (qy 4 ):

Qer =Gt qc T qep t+ Gus + G- 1)

Tennosasi 3Heprus, Nosyvyaemas M3genmemM, cocTout
M3 [OBYX KOMMOHEHTOB: ¢, - 3HEPrMW, MoayvyaemMoi
uepes 3MEKTPUYECKMNIA TOK, U gy, - SHEPTK, NOJTy4aeMoit
yepes TENIO06MEH C nnasmoin cronba gyrv. [aHHas
TENMoBas 3Heprus pacxofyetcsd Ha HarpeB BCEro
n3genma (qus,), Ha NOKabHOE BbiNjaB/ieHne meTtanna
(Guann), @ TAKKE HA UCMAPEHUNE (Gps yen ) VI U3NTYUEHUE C
HarpeBaemoi NOBEPXHOCTN (G s yan.):

qlcl3 + qlCI,3 = ql/I3.H + ql/IS.HJT. + ql/l3.l/ICl'l. + ql/l3.l/I3J1. N (2)

Ansa ynpouieHns pacyeToB, MOXHO NpeHebpeyb no-
TEPSIMU Ha U3/TyYEHNE N NCMAPEHNE.

SHeprus, Nnepefasamas NocpeaCcTBOM 3M1eKTPUYECKo-
ro TOKa, 3aBUCUT OT MOTEHLMANbHON, KUHETUYECKON W
TEPMUYECKOL S3HEPTUW 3NEKTPOHOB:
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Qo = [(Uq + 90 + 3/ x KT/e) . 3)

U,- aHOAHOe MajeHue HanpsbkeHus; @,- pabota
BbIXOAa MaTtepuana aHoaa; K- noctosiHHast bonbumaHa;
T- Temnepartypa ayru; e — 3apsg 3NeTpoHa.

JHeprus, nepefaBaemas yepes TeNN006MeH €O CTON-
60M MNa3MEHHOW Ayru, 3aBUCUT OT TOKa Ayru, addek-
TVMBHOrO K.M.A4. U poAa NnasmMooobpasyoLlei cpeqpl:

q]:l’3 = 773(1)(1). X {cr (4)

Tenno, HeobxoaMmoe ANl Harpeea M MNfaBfeHMS
MeTasina, paccunTbiBaeTCs No hopmyne

ql/l3.H + ql/I3.1'IJ1. =
=Vple(Tyn —To) + Q] + ATy ()
roe V- cKopocTb Pe3ku; p - MAOTHOCTL 06pabaTbiBaeMoro
maTtepuana; c- yaenbHas Tens0eMKOCTb 06pabaTbiBaeMOoro
mMatepuana; A-KoshpuuUMeHT TeNIONPOBOAHOCTM 0bpaba-
TbIBAEMOrO MaTepuana; g- CKpblTas TenoTa MiaBeHuns;
To U Ty, - Ha4aIbHAs TeMnepatypa 1 TeMnepatypa nias-
neHusi. Ecnv nonHyo TEMMOBYH MOLWHOCTL Ayr npepc-
TaBUTb NOCPEACTBOM HaMPSHPKEHHOCTU 3MIETPUYECKOTO NOSS

MNa3MEHHON AyrW, U YYuTbiBas BbILUEN3NIOXKEHHOE, Bbl-
paxxeHue (2) NpUMET creayroLLmniA BUg, :
1(Uq + @a +3/5 X KT/e) + 1,40, X IEL =
Vple(Tun — To) + @] + ATy, (6)

rae E-HanpsXKeHHOCTb 91.MoNs; [ - AnvMHa NNasMeHHol
Ayru.
MpY 1cnosb3oBaHUK BOASAHOTO Mapa MPOLEecc Auc-
coupaLmm NPOUCXOANT C NOM/OLLEHNEeM Tenna:
2H,0 = 2H, + 0, + 136,8 kkan,
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anpu T = 5000°C guccoupaLinsg BOAOPOAA COMPOBOX-
Jaetcs 60MbLWMM NOTIOLEeHNEM Tenna:
H, = 2H + 105 kkaJ1.

Mpy COMPWKOCHOBEHUM TOPSYE NasMbl C XON0f4-
HbIM W3JENMEM MPOUCXOAMT PEKOMOUHALUA MONEKYN
BOJOpOJa W KuUcopoda, a Takke aToOMOB BOAOPOAA.
Mpn 3TOM BblAENAETCA MOMNOLWEHHOE Temnso, KoTopoe
cKnagplBaetcs ¢ TENJ0BON MOLWHOCTLIO Ayru, U yBenu-
uMBaeTCca APPEKTMBHOCTbL TEMOBOrO BO3AENCTBUS OYyIv
Ha MeTann. B cpege BOASHOrO napa BblpaxeHue (6)
3anuLeTcs ceayLwmum 06pasom:

I(Uqg + 9o + 3/, x KT/o) + 1,44 X IEL+
Apex.H,0 + Apex.H, = VP [C(Trm - TO) + Q) + ATrm . (7)
Mpyn pacuetax TennoBoro 6anaHca Kak A/ OfHO-

aTOMHbIX ra30B, TaK W [15 OKaToro Bo3ayxa Lienecoobpas-
HO BOCMO/b30BaTLCA BblpaXeHVEM (6).  CpaBHMBas
(hopmynbl (6) 1 (7) npu  Oonycke, YTo B 060MX Cyvasx
O[IMHAKOBbI 3HAYeHMs TOKa Oyr, MOXHO 3aK/4nTb, YTO
3Heprvis, Nepefasemast B C/lyyae BOAAHOIO rnapa, Bbille no
CPaBHEHMIO CO CXKaTblM BO3MyXOM U3 - 3a BbICOKOW Han-
PSPKEHHOCTW 3NEKTPUYECKOTO MOJS U TEMJIOBLIX 3HEPTUIA,
BbIZIE/IEHHbIX NPY PEKOMOMHALMI MONEKY/T 1 aTOMOB.

MpviBedeM pesynbTaTbl CPaBHUTENbHBIX UCCIEA0BaHNIA
MAa3MeHHO pe3ku cTaim Mapku CT3 TOALLMHOM 16 MM, Kak
B Cpe/ie CXaroro Bo3fyxa, Tak 1 B Cpefie BoAAHOro napa. B
Tabnmue 1 npeactasneHbl 3HAYEHVS OCHOBHBIX TEXHOJIO-
TMYecKuX napameTpos.

Tabnuua 1
3HayeHnA TEXHOIOTMYECKNX napamMeTpos

Pop nna3mo- Tok HanpsxeHune [OnviHa HanpseHHOCTb ApdhexTmBHASA
obpasytowert | ayru, A nyv, B Oy, MM |  3NeKTPUYECKOro Nons SpheKTBHbINA MOLLHOCTb Ayru,

cpefbl Jyrv,B/MMm K.n.g.,% Kkan/cek

c <

HATBI 180 220 12 18,3 75 71

BO3yX

BopaHolii nap 180 260 12 21,6 85 9,6

[JaHHble, NpuBeaeHHbIe B Tabunue 1, NOATBEPKAALOT,
UTO MOBbiEHWE 3MHEKTUBHON MOLLHOCTM  AyTn 1
3(EKTUBHOTO K.N.A,. 06YCNOB/IEHO BblAENIEHNEM TEM/OBbIX
3Hepruin Npu pekoMBKHALWN MONIEKyY/ 1 aTOMOB.

B TennosomM GanaHce He yuTeHa 3aBMCHMOCTb Har-
PSOKEHWS Ayrv OT TemnepaTypbl BOAAHOTO napa Ha BXO-
[e nnasmatpoHa [3]. YBenuuyeHvne HanpskeHUs ¢ NoBbl-
LEeHNEM TemnepaTypbl AaeT BO3MOXHOCTb CHU3WUTb TOK
[yr NPU HEU3MEHHO MOLLHOCTY fyri.
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Vcxoas 13 BbILLEU3NOXEHHOTO MOXHO 3aKOUNTb,
YTo NpPU NNAa3MEHHON pe3ke MEeTaNOB OnpefeneHHOo
TO/WMHBI B Cpefle MEeperpetoro BOASHOTO MNapa, Mo
CPaBHEHWIO CO CXXaTbIM BO3/yXOM, HEO6XOAUMYIO MOLL-
HOCTb AYrM MOXHO 06ecneunTb Npu NMOHUXKEHHOM TOKe
[yrn. B Tabnuue 2 npeactaBneHbl 3HAYEHNS, MOJyYEH-
Hble MPY WCCNeA0BaHNN 3MEKTPUYECKUX MapaMeTpoB
PEXMMOB MMasMeHHON pe3ku ctann Mapkum CT3.
TONLWMHOW 16 1 20 mm [4].
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Tabnuua 2
Pog, nnasmo-
obpasytouei ToALMHA,MM Tok ayru, A Hanpsbkerue ayru, B Temneparypa, °C
cpeqbl
Cxartblil BO3ayX 16 200 220 -
20 220 220 -
170 250 120
160 275 200
16 150 285 300
140 290 400
BoasHoi nap 180 250 120
160 270 200
20 150 285 300
140 290 400

Mpy wccnenoBaHWAX NPeacTaBnAaNoCh WHTEPECHbLIM
N3yyeHne NoTpebasieMoli MOWHOCTM OT CceTu. /13BecTHO,
uto notpebnsemas MowHOCTb (P) MCTOYHMKA NMUTaHKS
[NA NNasMeHHON pe3kn OT CeTU paccyMTbIBaeTCs ¢ Mo-
MOLLbI0  HanpsbkeHuss xonoctoro xoga (U,,) W Ho-
MWHA/IbHOTO TOKa:

P = Usxlyou-

3KCNepuMEHTbI NPOBOAM/IUCL HA  UCTOYHUKE NUTa-
Hua ¢ U,, =300B npm wnCcnonb3oBaHUN CXKatoro
Bo3ayxa I,y = 2004 n P =300X200 = 60kBA, a B
cnyyae neperpeToro BOAAHOrO mapa B cpegHeMm (4ns
Bcex Temnepatyp) L, =160A un P =300X160 =
48kBA. Kak BMOHO W3 npencTaB/ieHHOro pacyera,
notpebnsemas MOWHOCTb (P) UCTOYUHMKA MUTaHWUSA 414
Nn1asmMeHHOW pe3kn OT CeTu, B C/yyae MCnob30BaHNs
BOASHOrO Mapa B KayecTBe MnasmMoobpasytolleit cpeqpl,
MO CpPaBHEHWI0 CO CXaTbiM BO34YXOM YMeHbluaeTcs
npumepHo Ha 20%.

3. 3AKJTIOYEHWE

Ha OCHOBE BbILLEN3MOXEHHOTO, MOXHO 3aK/0UNT!

1. [pw ncnonb30BaHUM NEperpeToro BOAAHOIO napa B
KayecTBe NnasmoobpasytoLLeii cpeapl, N0 CpaBHEHWIO CO
CXaTbIM BO3[yXOM, YBE/IMYEHWUIO TEnnoBol MOLLHOCTM
[lyrvi CNOCOGCTBYIOT BbICOKAA HAMPSXEHHOCTb 3NeKTpUYec-
KOro Mons MaasMeHHON [yri U TennaoBble 3Heprum,
BblgensieMble Npu pekoMOuHaumn Monekyn Bogopoda v
KMC/IOpoJa, a TakKe aTOMOB BOAOPOZA.
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2. MNoTpebnsemass MOLWHOCTb WCTOYHUKA NUTaHWS
ONS Na3MEHHON Pe3Kn OT CETU YMEHbLLUIAETCA Npumep-
HO Ha 20%.
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Cabawsunm 3.B., TaBxenuaze 4.4., Muegnnwsmm 3.7.
BogaHoli nap, Kak nnasmoobpasytolas cpepal/
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uak 621.791.755
wylis orTgllis garemoSi pRlazmuri damuSavebis Tburi balansi

z. sabaSvilli, d. TavxeliZe, a. sulamaniZe, n. kodua, z. WWed B iSvi R i
metaBurgiis, masalaTmcodneobis da BiTonebis damuSavebis departamenti, sagarTvell os
tegnikuri universiteti, sagarTve bl o, 0175, Thi bisi, kostavas 77

reziume: teqno B ogiebis SemuSavebisas, erT-erT mniSvneBovan amocanas warmoadgens
konkretulli pBRazmawarmomgmne Bi garemosaTvis teqno B ogiuri procesisaTvis Thburi
ba Bl ansis Sedgena, gamokv Beva da angariSi. wlis orTglis garemoSi plazmuri Wris pro-
cesis Tburi balansi ganoisaxeba FormuBiT. [(Uy +¢q +3/5 x KT/o) + n,00 X IEL+ qpeciyo +
Apexc, = Vplc(Tyy — To) + @) + AT, rkalis Tburi simZBavris momatebas ganapirobebs pBazmuri
rkalis elleqtrulli velis maRalli DdaZabu @ oba, wyalBbadis moNekulBebisa atomebis da
Jangbadis mo Beku Bebis rekombinaciisas gamoyoFfilli siThos raodenobebi. eqsperimenturi
monacemebis safuZve B ze Catarebulma angariSebma gviCvena, rom plazmuri Wris kvebis
wyaros gseBlidan moxmarebuli simZBavre wylBis orTqglis SemTxvevaSi 20%-iT nak Bebia
SekumSu I haerTn SedarebiT.

sakvanZo sityvebi: pBazmatroni; Tburi balansi; Thburi simZzBavre; denis Zabva;
mo Beku Bebis da atomebis rekombinacia; rkalis eBeqtrulli velis daZabull oba;, efeqturi
mq koeFicienti.

UDC 621.791.755
THERMAL BALANCE OF PLASMATIC PROCESSING OF MATERIALS IN THE ENVIRONMENT OF
WATER STEAM

Z. Sabashvili, D. Tavkhelidze, A. Sulamanidze, N. Kodua, Z. Mchedlishvili
Departmem of metallurgy , science of materials and metal-working, Georgian Technical University, 77, Kostava str,
Thilisi, 0175, Georgia

Resume: When developing the technology, one of the key tasks is composition, investigation and calculation of
technological process thermal balance for concrete plasma forming envronment. Thermal balance of plasma cutting of
materials in water steam environment is expressed with formula:

I(Ua + Pa + 3/2 X KT/B) + 773(1)(1). X IEL + QpeK.HZO + qpeK.H2 = Vp[C(Tnn - TO) + Q) + ATnn

The increase of heating capacity of arc is promoted by high intensity of plasma arc electric field and thermal
energies emitted at recombination of hydrogen and oxygen molecules, as well as of hydrogen atoms. Calculations
performed with experimental data proved, fthat the power consumption of the supply source for plasma
cutting from net, in case of using water steam as plasma forming environment is decreased for approximately 20%
compared to compressed air.

Key words: Plasmatron, thermal balance; thermal capacity; power arc current; a recombination of molecules
and atoms; intensity of plasma arc electric field; effective effiuiency.

miRebu 0 ia dasabeWdad 21.03.2013
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MNTASMEHHAA PE3KA HA MOBbILWEHHBIX AAB/TIEHNAX

3.B. Cabawsunu*, 4.4. Taxenuase, A.K. Cynamannase, H.MN. Kogya, 1.B. dyxawwsmim
[enaptameHT MeTannyprum, MatepuanoBefeHns 1 06paboTkn MeTanioB, MPY3NHCKNIA TEXHWYECKWIA YHUBEPCUTET,

Mpy3us, 0175, Téunucu, yn. Koctasa 77

E-mail: z_sabashvili@gtu.ge

Pestome: UccnegoBaHnsAMY YCTAHOB/IEHO, YTO MOBbI-
LUEHHOE [JaBNeHVNE MOMOXWUTENBHO B/IMSIET HA 3NEKTPU-
YecKMe XapaKTepuCcTUKU Ayrn U TEXHONOTUYeCKne napa-
METpPbI. B 4acTHOCTW, C OAHO CTOPOHbI, MOBbILIAKTCS
HanpsHKEHHOCTb 3/1EKTPMYECKOro MoJist cTon6a nnasMeH-
HO Ayrv, MOLWLHOCTb, CW/I0BOE BO3AENCTBME OyrM Ha
METaJ1/1, UHTEHCUBHOCTb YAANIEHNSA pacniaB/ieHHOro mMe-
Tan1a U3 NoaoCTy pesa, a C 4Pyroli CTOPOHbI, YMeHbLUa-
IOTCS LUMPUHA Pe3a 1 BEIMYUHLI rparta.

KnioueBble CNnoBa: Nna3MeHHas peska; niasmoobpa-
3ylollas cpefa; AaBNeHVe BOASHOMO napa; HanpsKeH-
HOCTb 3MIEKTPMUYECKOr0 MONsi; CWIOBOE BO3felicTBre
AyTVi; WIMPUHA pe3a; rpar.

1. BBEAEHUE

B Hactosuwee BpemMs nepenosbiMu upmamn (“Tel-
vin”, ”Oerlikon” © pgp.), NPov3BOASALLMMUN CBAPOYHOE
060py0BaHVE, BbIMYCKAIOTCS YCTAHOBKW A4/11 BO3AYLUHO-
N1asmMeHHON pPe3kyM Ha MOBbIWEHHbIX AaBneHusx (6-7
atMm.). B cpepne oxaroro Bo3fyxa, CBbllle 6-7 arMm., B
OTMuMe OT BOASHOTO napa, BO30OYXAeHWe Aayru
3aTpyaHsieTcs. LlenecoobpasHo Mcnonb3oBaTb BOASHONA
nap B KadyecTBe nna3Moo6pasyloLlein cpedbl, Ans
Mnn1a3mMeHHON pe3kn Ha NoBbIWEHHbIX AaBneHnsx (4o 10
atMm.). AT0 0OBACHSAETCA TeM, UTO YBE/NIMYEHUe [aBneHus
nnasmoo6pasytoLleil cpefbl NONOXUTENLHO BAMSET Ha
3NeKTPUYeCKNe XapaKTepPUCTUKM MNa3MEHHOR Ayrn W
TEXHOMOrMYeCkne napaMeTpbl MAasMeHHOW pesku. B
YaCTHOCTM, MOBbLILIAETCA HAMNPsHXKeHue, CUI0BOe BO3-
[eiicTBMe Ayrn Ha MeTansf, MOLWHOCTb AYyrW, YMeHb-
LIaeTes WUpKUHa pesa u T.4.

MoBbILIEHVE [aBMEHUs OrpaHNYeHO, MOCKO/IbKY BO3-
6y>xaeHve nnasmMeHHOl Ayrv B Cpede CKatoro Bo3gyxa
3aTpyaHsietcs. OgHako B pabotax [1,2,3] nokasaHo npe-
MMYLLECTBO MNPUMEHEHWS BOAAHOMO Napa B KayecTBe
nn1a3moo6pasytoLLein cpefpl. B ctatbe paccmMoTpeHo Bnu-
fHVWe [aBfleHus BOAAHOTO Napa Ha 3neKTpuyeckue
XapaKTepUCTUKM NAa3MEHHOW [yrn U TeXHONOrMyeckue
napameTpbl Na3MeHHOl pesku.
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2. CHOBHAAYACTb

Wccnenosanus, KOTOpble MPOBOAUANCH MO U3YYEHWHO
npoLecca niasmMeHHON peskn B cpede BOAAHOrO napa,
nokasanu, 4TO BO30Y)XAEHWE NIasMeHHOW Ayrn He
3aTpyaHsieTcs B obnacty gaeneHus ot 2 go 10 atm. Hago
OTMETUTb, YTO B COCTOSHUM HACBILLEHWS C MOBbILEHVEM
[JaBneHns yBennumBaetca U Temneparypa. Cuna npurs-
XEHUA MeXay MOonekyiamn BOASAHOro napa MUHK-
MasibHasi, U, Yem Bbllle [aBfeHWE, TeM MEHbLUE CUSbl
CLENNEeHNA Kak Mexy MOoNeKynaMu, Tak 1 BHYTpU atomMa.
Mostomy paboTa MOHM3aLMK, COBEPLUEHHAA NPOTUB CWN
B3aMMO/ENCTBMA MeX/y BbIpbIBAEMbIM 3/1IEKTPOHOM U
OCTa/IbHOM YaCTbl0 aroMa, HaMHOro MeHblue paboThl
MOHM3aUMN ©kaTtoro Bosgyxa. [lpu  ucrnonb3oBaHWK
Meperpetoro BOAAHOTO MNapa paboTa MOHM3auuK eLle
YMEHBLLAETCS U AWNCTaHLUMOHHOE BO3BY)XAEHME Ayrn He
ABNAETCA NPO6IEMONA.

C NoBbILEHVEM [JaBNEHWS YBENMUMBAETCA pacxogHas
CKOpOCTb, W CNeAoBarefibHo, ¢ O4HOW CTOPOHbI, YMEHb-
LIAEeTCA POCT TEMOBOIO C/0Si, B Pe3y/bTare Yero ceveHme
CMbIKaHWsi TENJIOBOrO M MOrPaHUYHOTO C/I0EB CMELLAeTCs
BHM3 MO HanpaB/IEHNIO NOTOKa W, C APYroli CTOPOHBI,
YBENNYEHNE paamanbHOM COCTaBASOWEA CKOPOCTM CMno-
COOCTBYET MOBBILEHUIO OCEBOM CTabMAM3aUMn  Ayru,
06XaTNo U yOAVHeHWo ayrun. Mpy 3TOM yBennunBaeTcs
HanpsXKeHwe Ha f[yre, CKOPOCTb Pe3kW, YMEHbLUIAeTCs
LUIMPUHA pe3a n T.4.

Hanps»KeHHOCTb 3N1EKTPUYECKOr0 Nosis B TypOyIeHTHOI
Jyre B 3aBUCYMOCTY OT [aB/ieHWs BblpaXKaeTcs (hopMysioi
(4]

E =264x10"2% x
(355 X 10722 +5,13 x 1077 1),

Ha puvc. 1 npuBefeHbl 3aBUCUMOCTY HanpPsHKEHHOCTH
3MEKTPMYECKOr0 NOMs MIa3MeHHOW Ayrn OT AaBneHus
BOASHOTO Mapa 1 CXKaToro Bo3ayxa. Kak BUgHo 13 gaHHbIX
3aBUCMOCTEN,3Ha4YEHNE HaMPSXXEHHOCTL Bbllle B CNyyae
BOASHOTO Mapa 1 pacTeT C NOBbILIEHNEM AaB/IEHNS.

He n3meHss cuy Toka, ¢ MOMOLLbIO AaBAEHNS MOXXHO
PETyMPOBaTh HaMpPsHKEHWE Ha Ayre, COOTBETCTBEHHO U
MOLLHOCTb AyrW, 4TO MMeeT BO/blioe 3HayeHue B pas-
paboTke TexHonoruu. Ecim yyecTb elwe U 3aBUCMMOCTb
HanpshKeHWst ayr OT TeMMepaTtypbl BOASHOTO Mapa Ha

G915p0,19
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BX0Ae nnasmatpoHa [5], Torga HeobXxoAuMy MOLLHOCTb
[yrn MOXHO MOAAepXaTb Ha MOBbILWEHHbIX 3HAYEHMSX
[laBNeHus 1 Temnepatypbl NPU MeHbLLEM 3HAYeHUM TOKa
[lyr1, MO CPaBHEHWHD CO CXKaTbiM BO34yxOM. C yMeHb-

Ne 2 (488), 2013

LUeH1eM ToKa Ay yBeNUYMBaETCA pecypc paboTbl TepMO-
XUMUYECKOro Kartoga [6] v npumepHo Ha 20% CHMKaeTcs
noTtpe6nsiemMas MOLLHOCTb MCTOYHMKA NMUTaHNS OT CeTu.

18
EBfum
16

~
|
__......—...-.-'——-

—t

(=)

[

10
F.atm

Puc.1. 3aBNCMOCTb HANPSIXKEHHOCTMW 3M1EKTPUYECKOTO NO/S NNa3MeHHOM Aayrn oT
[laBneHns nnasmoobpasyoLLeli cpeabl:
1- oxaTblil BO3ayX, 2 - BOAAHO nap

Ha puc. 2 npefcrasneH rpaguk 3aBUCUMOCTU CUSIO-
BOr0 BO3ZJENCTBMSI AyrM OT AaBNeHWs MnnasMoobpasy-
touleli cpegbl. CnnoBoe BO3AENCTBME Ayrv onpegenser
NPONMaBASAOLWYH0 CNOCOBHOCTb AYrM M MHTEHCUMBHOCTb
yAaneHus pacnnasneHHoro Metannia 13 nonoctv pesa. B

70

obnacTv gaBneHns ot 2 o 5 aTM. CMI0BOe BO3AECTBIE
Jyrv B cpefHeM Ha 6% Bbllwe B cpefe BOAAHOIO napa.
Bbiwe 5 atm, B cpege ¢xaToro Bo3fdyxa Ayra Ha Hawei
yCTaHOBKe He BO30yJanach, a B cpefie BOAAHOrO napa
naasMeHHyto ayry nccnegosanv go 10 atm.

p, ¥lla
50 A i
_.....--"""-.-—.
50 _,_....-—"""#
/"' 1
* -__,.-"'.--"'/
p———

30
20
10

a

a 2 4 g g 10
F, atm

Puc. 2. 3aBUCMMOCTb CUI0BOrO BO3AEIACTBIS NNa3sMeHHOM ayru
0T AaBneHns nnasmoobpasytoLeli cpebl:
1 - oKarblli BO3ayX, 2 - BOAAHOM nap

Hamn Takke OblnM NpOBeAEHHbI McCneaoBaHus no
M3YYEHWNIO B/NSHUS AABNEHUS Ha  LUMPUHY pe3a U
BE/IMUMHBI rpaTa.

Ha puc. 3 npeactasneH rpadnk 3aBUCUMOCTU CPeaHEN
LUMPVHBI pe3a OT AaBneHns N1asMoobpasytoLLein cpeasl. B
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obnactu AaeneHus A0 4 atMm. WUpMHA pesa B Crydvae
BOAAHOrO Nnapa no CPaBHEHMIO CO CXKATbIM BO3YyXOM HUXKe
Ha 0,35-0,4 MM, NPUYMHOIA 4ero SBNSIETCA MeHbLUee
MorepeyHee CeuveHve [ayr B Cpede BOASHOTO napa.
YMEHBLUEHMIO MOMNEPEYHOro CeYEHNs, KPOME BbILLIEN3SIO-
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YXEHHOrO0, CNOCOGCTBYET MHTEHCMBHOE OXNaXKAEeHMe ne-
pydepuiiHbIX y4acTKOB cTO/16a Ayrv, KOTopoe obecre-
4MBAETCA MOr/OWEHNeM 60MbLIOr0 KONWYeCTBa Tensa
npv grccoumanmm sogopoda. M3 nuteparypHbIx AaHHbIX
[7] ws3BecTHO, YTO paguyc Ayrm ob6paTHO NPOMOPUMO-
HasleH KyOM4YecKOMY KOPHIO W3 3SHTabnuM Nia3mo-

7
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o6pasytoLeil cpefpl Ha BXOAe B Na3MaTpoH. SHTanbnms
BOAHOIO Mnapa, B 3aBMCUMOCTM OT Temneparypsl, B 3-5 —
pa3 Bbllle 3HTA/ILNUM CXKATOro BO3A4yXa, YTO TaKxKe
ABNAETCA OAHOM W3 MPUYAH YMEHBLUEHWS CEYEeHWS
cton6a gyrv BOAAHOTO napa.

d, mm

[

[=1]
oo

10
P, arm

Puc.3. 3aBMCUMOCTb CPeAHel LUMPKHBI pe3a OT AaBneHUs NnasMoo6pasyroLLeli cpeapl:
1- oKaTbIi BO34yX, 2 - BOASHOI nap

Ha puc. 4 npepcrasneH rpapuk  3aBUCUMOCTU
BENNYMHbI rpaTta OT AaBneHns BoAAHOro napa. Pasmepsl
rpara onpefenstTcs no ero WupuHe 1 BbiCOTe, KOTOpble
He [O/DKHbI NpeBbiWwaTtb pPa3MepoB, YCTAHOBMNEHHbIX
craHgaptom: 1,2 mm n 0,6 mm. Hannume rpata u ero
pasmepbl BO MHOTOM 3aBUCAT OT BESIMYMHBLI CUI0BOIO
BO3JENCTBUA OYIM Ha HWKHIOID KPOMKY /icTa, a
rocneHsAs NPOMNopLyoHanbHa TOKY Oyrv, AABMEHUO U
Temnepatype BOAAHOIO Mnapa. 310 W  06bACHAET

3,5

YMeHbLLEHWE Be/IMYMHBI rpaTa C YyBe/IMYEHNEeM AaB/IeHNS
BOAAHOro napa. Kak sugHo 13 puc.4, B cpefie BOAAHOIO
napa, HaumHas ¢ 4 atM, pa3mepbl rpara CTaii Huxe
YCTaHOB/EHHbIX HOPM: npu 6 atm B1=0,8 mm, B2=0,4. C
yBeNMYeHeM AaBfieHnsa A0 9 aTM YMeHbLUEeHWEe BbICOTbl
W WMPVIHBI NMPOLO/MKAETCSA, HO HE3HAYNTE/BHO.

Hafio oTMeTuTb, YTO KCCeS0BaHWSA NPOBOANINCH Ha
naasmarpoHax ¢ Consiom, ¢ AMameTpom KaHana 2,5 MM.

El,BZ, mwm N\

s A

FANSR

1
\‘-___'-—--_._-_-_-__'_'_
0,5
0
a 2 4 5] ] 10
P, atm

Pwnc.4. 3aBMCMMOCTL BENIMYMHBI rpaTa OT AaB/ieHVs BOAAHOIO napa:
Bl-wmpuHa rpata, Mm; B2-BbicoTa rpara, MM
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3. 3AK/THOYEHWE [lYHapO/HbII Hay4HbIi XKypHan “IMpobnembl MexaHUKn”
Ha OCHOBE BbILLEN3IOXEHHOTO MOXHO 3aK/MH0UUTb, YTO N4(21)/2005r., ¢.79-83.
3(EKTUBHOCTL MPUMEHEHWs NNasMeHHo peskn Ha 3. Cabawswm 3.B. Babyuuaze M.B., Uuknaypn T.C,
MOBBbIILEHHbIX AABMNEHMAX M1a3M0o06pasyroLLIe cpefbl Cvamawsumm 3.M. VccnefoBaHne MUKPOTBEPAOCTY
CBA3aHO C NOBbILEHNEM HaNPAXKEHHOCTWN 3NIEKTPUYECKOTO MOBEPXHOCTV pe3a Mpy Na3MeHHON peske B cpefe
nons cTon6a nnasmMeHHON Ayri, MOLLHOCTA W CU/IOBOrO BOAsHOrO napa // “Tpobnembl MeTanyprimn,ceapki n
BO3AelcTBUS Ayrv Ha MeTann. [oBblUEHHOE AaBneHue marepuanosefeHns”, N4(10)/2005r., ¢.27-31.
MOMOXWUTENIbHO B/MSIET U HA TexHosorMdyeckue nokasa- 4. [faytos 0., CazaHoB M. U. HanpskeHHOCTb 3neKTpu-
Tenu. B 4aCTHOCTW, YMEHBLLIAIOTCA LUMPUHA pe3a U Beu- YecKoro Mossi B CTabuN3MpoBaHHOi BUXpem ayre //
YMHBI TpaTa, YBE/MYMBAETCS WHTEHCUBHOCTb YAaNneHus MMTB, 1967 ., Ne4, c. 127-131.
pacn/aBneHHOro MeTasia U3 nosocTi pesa u 1.4, 5. z. sabaSvili, g xurciZe, zsiamaSvili.

plazmuri rkalis parametrebze pHNazmat-
ronis Sesasvlelze wylis orTglis tem
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uak 621.791.755
pRlazmuri Wra maRall wnevebze

z. sabaSvi ki, d. Tavxe B iZe, a. sulamaniZe, n. kodua, i. FuxaSvi i
metaBurgiis, masalaTmcodneobis da HBiTonebis damuSavebis departamenti, sagarTvell os
tegnikuri universiteti, sagarTvell o, 0175, Thi bisi, kostavas 77

reziume: dRevandel dRes msofBios mowinave SeduRebis mowyobi BobaTa mwarmoebel i
Firmebi awarmoebs haer-pBlazmuri Wris danadgarebs maRall wnevebze. 6-7 atm-ze met wnevebze
rkall is aRgzneba SekumSuli haeris garemoSi, wylis orTgll Tan SedarebiT, rTullia maRal
wnevebze (10 atm-mde) pBazmuri WrisaTvis mizanSewoni Bia gamoviyenoT wylBis orTgli.
kvBevebiT dadginda, rom maRalBli wneva dadebiTad mogmedebs rkalis elleqtrul
maxasiaTeb Bebze da tegno B ogiur parametrebze. kerZod, erTi mxriv izrdeba pRazmuri
rkalis elleqgtrulli velis dazabuloba, simZzBavre, BiTonze rkalis Zaluri zemogmedeba,
Wris aredan gamdnari HBiTonis gamodevnis intensiuroba, meore mxriv ki mcirdeba Wris
sigane da xiwvis zomebi.

sakvanZo sityvebi: pRazmuri Wra; pBazmawarmomgmne B i garemo; wyBis orTqglis wneva;
eleqtrulli velis daZzabuloba;, rkallis ZaBluri zemogmedeba; Wris sigane; xiwvi.

o1



stu-s Sromebi — TRANSACTIONS OF GTU — TPYAbI ITY

UDC 621.791.755
PLASMATIC ARC CUTTING AT HIGH PRESSURES

Ne 2 (488), 2013

Z. Sabashvili, D. Tavkhelidze, A. Sulamanidze, N. Kodua, |. Pukhashvili
Department of metallurgy, science of materials and metal-working, Georgian Technical University, 77, Kostava str,

Thilisi, 0175, Georgia

Resume: At present leading firms producing welding equipments are delivering utilities for air-plasma cutting at
high pressures. In compressed air medium above 6-7 atm., as opposed to water steam, arc excitation is hampered. It is
advisable to use water steam, as plasma forming medium for plasma cutting at high pressures (up to 10 atm.). The
investigations proved, that high pressure acts positively on electric characteristics of arc and technical parameters. In
particular, on the one hand electric field tension of plasma arc column, power, force action of arc on metal, intensity
of melted metal removal from cutting cave are increased and on the other hand cutting width is decreased.

Key words: plasmatic arc cutting; plasma forming medium; pressure of water-steam; electric field tension; force

action of arc; cutting width; burr.

uak 54111

miRebu 0 ia dasabeWdad 21032012

bariumis Semcveli rigi sillikatebis AH%-sa da S%-is dadgena

grafFikulli da saangariSo xerxebiT

a. saruxaniSvi ki, d. bibi BeiSvi bi* g kobiaSvilli
gimiuri da biolBogiuri tegnoBogiis departamenti, sagarTve B os tegnikuri universiteti,

sagarTve bl o, 0175, Thi Bisi, kostavas 77

E-mail: d.bibileishvili@gtu.ge

reziume: bariunis rigi silikatebis AH%
sa da S%q-is dasadgenad ori gansxvavebu i
xerxia gamoyenebu Bi. BaO-SiO, sistemis ori si-
Bikatis SemTxvevaSi Termodinamikuri para-
metrebi ganisazRvreba n[SiO,)/[Ba0] _AH%.s da
n[Si0,)/[Ba0] _ S%gs damokidebu Bebebis agebiT,
xo B o Na0-BaO-SiO, sistemis eqvsi silikatis
SemTxvevaSi _ struqturulli ingredientebis
aditiuri sistenis meTodiT.

sakvanZo sityvebi: Termodinamikuri para-
metrebi; bariumis silikatebi; myari xsna-
rebi; strugturulli ingredientebi; aditi-
uri sistema
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1. Sesavalli

mecnierebisa da tegnikis mravalli sfero
inovaciuri tegno B ogiebis gansaxorcielleb-
Blad boBo dros axalli masallebis Seqmnas
iTxovs. an masalaTa ricxvs bariumSemcveli
amorfulli, anorfull kristaluri da krista-
Buri kompozitebi miekuTvneba, romBebic
gansakuTrebulli ThoFizikuri da eleqtrulli
TvisebebiT gamoirCeva

aRniSnu i kompozitebi, rogorc wesi, ma-
Rall temperaturulli teqno B ogiebiT miiReba,
rome I Ta ganxorcieleba damokidebulia mra-
vall Fagtorze, maT Soris gamosavall kompo-
ziciebSi mimdinare Fizikur-gimiuri proce-
sebis mimdinareobis rigiTobasa da am pro-
cesTa Sedegad miRebuli produgtebis fazu-
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ri Sedgeni Bobis srulli informaciis Flo-
bis Sesaxeb.

an informaciis mopovebis saukeTeso sa-
Suallebaa eqsperimentulli kvBeva magram igi
umetes SemTxvevaSi dakavSirebulia masallaTa
da energiis mniSvneBovan xarjTan, Sroma-
tevadobis mkveTr zrdasTan, rac axalli masa-
Bis danergvande dayvanas dauSveb Bad axan-
grZlivebs.

am viTarebidan gamosavali Termodinamikur
parametrTa gamoyenebiT kompozitebis optima-
Buri Sedgeni Bobisa da sinTezis pirobebis
Teoriull prognozirebaSia. rogorc, msof-
Bio pragtika gviCvenebs qimiuri Termodi-
namikis SesaZ B eb Wl obaTa gamoyenebiT kacobri-
obisaTvis metad mniSvne B ovani, araerTi ase-
ulli problema gadaWrill igna Cvens SemTxve-
vaSic msofFHRioSi arsebull gamocdi Bebaze
dayrdnobiT srulliad SesaZzBebeli unda iyos
bariumSemcve i kompozitebis miRebis sakiT-
xebis gadaWra, erTi garemoeba rom ara ro-
gorc irkveva, an kompozitebis sinTezis Ter-
modinamikuri Sefaseba ZiriTadad gamosaval
kompoziciebSi da Termuli damuSavebis Sede-
gad miRebul produqtebSi Semavalli mTell rig
naerTTa Termodinamikuri parametrebis daud-
genBobis gamo TFerxdeba. maT ricxvs rigi
bariumSemcve Bi martivi da rTulli silikatic
miekuTvneba, romel Ta Termodinamikuri para-
metrebis moZieba sainformacio wyaroebSi
uaryoFiTi SedegiT dasrullda

amiTaa gamowveu Bi Cven mier Catarebulli
kvBeva, rombis ZiriTadi Sedegebi motanilia
mocemu B naSromSi.

2. ZiriTadi nawi Hi

kv Bevis mizania BaO-SiO, - sa da Na,O-BaO-SiO,
sistemebSi rig naerTTa ori Termodinamikuri
parametris _ warmogmnis standartulli mo-
Buri enTallpiis (AH%) da standartulli
moBuri entropiis (S%g) dadgenis saSua-
B ebaTa Zieba da ganxorcie leba.

cnobilia, rom BaO-SiO, sistemaSi xuTi
silikatia, romel@Ta arseboba sayovel Taod
aRiarebullia _ BaO-SiO,, Ba0O-2SiO, , 2Ba0-3Si0,,
2Ba0-SiO, da 3Ba0-SiO; [1]. amave wyaroSi aRi-
niSneba kidev ori kompozicia (3Ba0-5SiO, da
5Ba0-8Si0,), romel Ta Sesaxeb oOri gansxava-
vebulli azri arsebobs. erTni maT indivi-
duaBur naerTebs miakuTvnebs, xo B o meoreni
_ 2Ba0-3Si0, _ Ba0-2SiO, kerZo sistemis myar
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xsharebs. aRniSnull naerTTa (myar xsnarTa)
parametrebi Termodinamikur monacemTa baza-
Si, iseve rogorc sxva sainformacio wyaro-
ebSi, ar arsebobs [2-4].

Cveni mcde B oba gamogveyenebina sxvadasxva
naSromSi SemoTavazebuBi meTodebi nivTie-
rebaTa Termodinamikuri Tvisebebis dasad-
genad warumatebeli aRmoCnda. sxvadasxva
meTodiT miRebuli Sedegebi imdenad gansx-
vavdeba erTmaneTisagan, rom romelime maT-
ganis SerCevis saSualleba ar mogveca

gamosav b is ZiebaSi zemoaRniSnuli bariu-
mis si Bikatebi gamovsaxeT BaO-s erT mo N eku-
Baze mosulli SiOyris odenobiT (n=1+2), ris
Sedegad miviReT Semdegi mwkrivi:

BaO-Si0, - Ba0-1,5Si0, - Ba0-1,6Si0; -
Ba0-1.67Si0, - Ba0-2Si0,
(2Ba0-3Si0,) (5Ba0-8Si0,) (3Ba0-55i0,)

am si likatebidan pirveli orisa da mexuTe
naerTisaTvis Termodinamikur monacemTa ba-
zaSi AH%gsa da S°gis sidideebi arsebobs
da Sesabamisad udris 389,18 kkal/moli da 26,8
kal/moBi-K (BaO-SiO;) 501,24 kkall/molBi da
319kal/moli-K (BaO-1,5Si0,), 610.18kkal/moBi da
36,8 kal/moli-K (BaO:2Si0,). am sidideTa gada-
tanam grafikze koordinatebiT n[SiO,)/[BaO] _
AH%3 da n[SiO,)/[[BaO] _ S%g gviCvena, rom
miiReba wrF¥ivi damokidebu B ebebi. es, rogorc
Cans, migviTiTebs, rom sistemaSi arsebobs
myari xsnarebi ara mxoBod rogorc aRiniS-
neba [1]-Si, 2Ba0-3Si0O, _ Ba0O-2Si0, kerZo sis-
temaSi, aramed naerTad xsenebu i 2Ba0-3SiO,-C
unda iyos myar xsnarTa rigis erT-erTi wevri
kerZo sistemaSi BaO-SiO,- BaO-2SiO,. aRniSnull i
mosazreba efuZneba xsnarebisaTvis damaxasia-

Tebel “Tviseba-Sedgeni Boba” damokidebu l e-
bis saxes.
zemoT moyvani Bi1 mosazrebis koreqtu-

Boba jerjerobiT ar aris dadasturebulli
egsperimentulad. Tumca is, rom Termodina-
mikurad ucnobi si likatebis saZiebeli Ter-
modinamikuri parametrebis sidideebic unda
gan Bagdes miRebull wrFfiv damokidebu N eba-
ze, udavoa. amiT 1iribad dasturdeba im
mkvBevarTa azri, rombBis nmixedviT 5
Ba0-8Si0, da 3 BaO-5SiO,myari xsnarebia.

AHofyzgg_ n[SlOZ]/[BaO] da Sozgg_n[SiOZ]/[BaO]'
is damokidebu Bebebi da maTi ganmartebebi
naxatzea moyvani B i.
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natriumsi B ikatebis AH%.-sa da S°e-is angariSis msvleloba da Sedegebi

naerTebi da AH%,0-is dadgena (kka B/mo B i) S°s-is dadgena (kall/mo 1 i-K)
R stru- strug-

maTi strug- strug- tur strug- tur
krista- turulli tur. arur. o d L

B oginiuri ingredi- | ingr ngr. | Ky | AHge | TUN ingr. | Ky | S
= : . o AH% 505 ingr. Sygg Sogg
Joufi entebi AH% g _o oo
' Jam Jami

Na,0-Ba0-SiO, BaO-SiO, -389,18 26.8
(kunZu B ovani Na,O -99,40 - 488,58 1.015 | - 49591 174 442 1.008 | 44.55
si likati)
Na,0-2Ba0-25i0, | 2(BaO-Si0;) | -77836 536
(Jgufuri Na,O -99,40 -877.76 1.005 882.15 174 710 1.019 | 7235
si ikati)
Na,0-2Ba0-3Si0, 2(Ba0-Sio,) -778.36 53.6 0.97
(rgoRuri Na,0-SiO, -372.06 -1368.17 1.007 | -1377.75 21.2 90.8 ’3 88.34
si Bikati) SiO, -217.75 10.0
2Na,0-Ba0-35i0, | 2(Na;0-Si0p) | -744.12 544
(Jawvuri Ba0-SiO, -389.18 -1133.37 1.005 | -1138.97 26.8 81.2 0.961 | 78.03
si Nikati)

4Na,0-3Ba0-55i0, | 3(BaO-Si0;) | -1167.54 804
(Fawvuri 2(Na,0-5i0,) -744.12 -2110.46 1.005 -2121.01 54.4 169.6 0.961 | 162.99
si bikati) 2Na,0 -198.80 348

Na,0-3Ba0-65i0, | Na,0-Si0, | -372.06 5772
(Fenovani 3(Ba0-Si0,) -1167.54 -1975.10 1.007 | -1988.93 804 127.6 1.036 | 132.19
si Bikati) 25i0, -435.50 20.0

n[s;0,]4
[B;gsl_ LOST035®330[ AHL,208( 50,5,
| [ BaO-si0; | -389,18 | 26,8
Loo ] |B20-155i0: | -501,24 | 318
BaO - 1,6810; | -524,05 | 32,7
1 |BaO - 1,675i0: | -545,10 | 33,4
1759 | Ba0 -25i0, | -610,18 | 36,8
i Ba0-1,675:0n
1.60 Ba0-1,65:0;

1454

130

1.15

1.00

Ba0-1.55:0:

AHP,208(5Ba0 - 88i0,)=-2654,73 3sqn/domo
80,5 (3Ba0 - $5i02)=163,5 30q/dmmoK
AHP,208(3Ba0 - 38i02)=-1633,00 jsqv/meo
§2,5(3Ba0 - 55102)=100,235q0/deremo-K

350

450

—
550 650 750 AH?,m

T
26 27 28 29

30

T
31 32 33 34 35 36 Seg

AHs_ N[SIO;)[BaO] da S°xs_n[SiOz)/[BaO]-is damokidebu N ebebi

unda aRiniSnos, rom grafikullad dadge-
nili saZiebeli Termodinamikuri parametre-
bis sidideebi karg SesabamisobaSia, Cven mier
nacad saangariSo meTodebidan, [2]-Si Semo-
Tavazebu Bi meTodiT miRebull sidideebTan.

rac Seexeba natrium-barium sillikatebs,
maT dasadgenad mivmarTeT [2]-Si SemoTavaze-
bull strugturull ingredientTa aditiuri

sistemis meTods,
tebis kristall ogim

gamoviyeneT ra silika-

iuri
maTTvis

k BasiFikaciis Ti-

miRebull i

Toeulli jguFisaTvis
nive Birebis koeFficientebi (K,). ase maga-
BiTad, kunZu B ovani si b ikatebisaTvis,
(Na,O- Ba0-Si0,), K,=1.015; jguFfuri sillikate-
bisaTvis (Na,0-2Ba0-Si0O,), K,=1.005; rgo Rure-
bisaTvis (Na,0-2Ba0-3Si0,), K,=1.007; jaWvure-
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bisaTvis (4Na,0-3Ba0-5Si0, da 2Na,0-Ba0-3Si0,),
K,=1.005; xoB o TFenovani silikatebisaTvis
(Na,0-3Ba0-6Si0,), K,=1.007.

aq moyvani Bi nivelirebis koeFicientebi
(Kn) gamoyenebu Bl igna AH%s-is dasadgenad.
danarCeni informacia saZiebeli Termodina-
mikuri parametrebis sidideebis dadgenis
Sesaxeb motani Bia cxri B Si.

3. daskvna

amgvarad, davZenT, rom BaO-SiO, sistenmis
ori silikatisaTvis dadginda 5Ba0-8SiO,-isa
da 3Ba05Si0;—is AH%sda S°ue-is sidideebi,
xsnarebisaTvis damaxasiaTebelbi “Tviseba-Se-
dgeni Bobis” wrFfivi damokidebu Bebis gamo-
yenebiT. Na,0-BaO-SiO, sistemis eqvsi sili-
katis igive Termodinamikuri parametrebis
gansazRvra moxerxda struqturulli ingre-
dientebis aditiuri sistenis meTodiT.

miRebu B i1 Sedegebi bariumSemcve B kompo-
nentebSi mimdinare Fizikur-gimiuri pro-

UDC 541.11
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cesebis Teoriulli prognozirebisaTvis sa-
Wiro Termodinamikur monacemTa bazas Seav-
sebs, rac am kompoziciebidan Sesabamisi
kompozitebis miRebas daaCgarebs.
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DETERMINATION OF AH% 20 AND S%9g FOR SOME BARIUM-CONTAINING SILICATES BY THE

GRAPHIC AND CALCULATION METHOD
A. Sarukhanishvili, D. Bibileishvili, K. Kobiashvili

Department of chemical and biological technology, Georgian Technical University, 77, Kostava str, Thilisi, 0175, Georgia

Resume: There are presented

the results of determination of AH’ 95 and S’ for two silicates of the system: BaO-

Si0, and for six ones of the system Na,O-BaO-SiO,. In the former case the dependencies n[SiO,]/[Ba0] _ AH% s and
n[Si0,]/[Ba0] _ S°gsare used and in the latter case the method of additive system of structural components is used.

Key words: thermodynamic parameters; barium silicates; solid solution; structural components; additive system.

YK 541.11

YCTAHOB/IEHUE AH% 08 U S°208 ANA PAOA BAPUACOAEPYKALLMX CUIMKATOB CNIOCOBAMU

TPA®UKWN N PACHETA

CapyxaHuwswunu A.B., Bubuneiiwsnnm 4.B., Kobrawsunm K.2.
[lenapTaMeHT XMMWYECKON 1 BMONOrMYecKoli TEXHONOTUIA, TPY3UHCKUIA TEXHUYECKUIA yHUBepcuTeT, Mpysms, 0175,

Téwunuew, yn. Koctaga, 77

Pestome: Mpepgnaratotca pesynbrartel OnpeaeneHus AHOf,m 1 S%qg [BYX CUNKATOB cucTembl BaO-SiO, 1 wectn —
cuctembl Na,0-BaO-SiO,. B nepsom criyuae 1crnonb3ytotes 3aBucumoctit n[Sio,)/[Ba0] _ AH% e 1 N[SiO,)/[Ba0] _
S°08, @ BO BTOPOM __ METO/], 8AANTUBHOI CUCTEMbI CTPYKTYPHbIX MHIPEANEHTOB.

KntoueBble cnosa: TepMoanHaMnyeCcKkmne napameTpbl; CUTUKAThbI 6ap|/|ﬂ; TBEpAble pacTBOpLI; CTPYKTYPHbIE

NHIpeANEHTHI; aaanTnBHasa CUCTemMa.

miRebu B ia dasabeWdad 28032012
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Fe-Cr-C sistemis araregullarulli myari xsnaris sam fazad ganSrevebis

Termodinamikuri model ireba

g. gordeziani!, g. Jandieri?, r. zeqgalaSvill i?

lmvetaBurgiis, masalaTmcodneobisa da WNiTonebis damuSavebis epartamenti, sagarTvel os
tegnikuri universiteti, sagarTve bl o, 0175, Thi Misi, kostavas 77

2ssip Fferdinand TavaZis metaBurgiisa da masalaTmcodneobis instituti,

0160, Thi Risi, all. yazbegis gamziri 15

E-mail: ggordeziani@yahoo.com, gigo.jandieri@yahoo.com, rusikoz@yahoo.com

reziume: samkomponentiani arareguBarulli
xsharebis sami minimumiT ganSrevebis gamosakv-
Bevad SemuSavda kritikuli wertilis saana-
Bizo Termodinamikuri modeli. aRniSnulli
mode B is gamoyenebiT Fe-Cr FuZian Senadno-
bebze Catarda kv B evebi. kvl evebidan dadginda
Fe-Cr-C sistenis araregularulli o myari
xsnaris sam erTgvarovan T¥azad ganSrevebis
temperaturull_koncentraciulli piroba ganS-
revebuli FazebisaTvis gamoTvBilia wonas-
worulli koncentraciebi da agebullia Se-
sabamisi diagramebi.

sakvanZo sityvebi: Termodinamikuri mode-
Bireba;, spinodaluri daSHa;, gibsis poten-
cialli; Ffazuri ganSreveba, SeurevBlobis are-
ebi; kritikuli wertilli; urTierTgmedebis
parametrebi.

1. Sesavalli

Tanamedrove masaBaTmcodneobaSi FfarTod
inergeba Termodinanikuri modelirebis da
ricxviTi analizis meTodebi, romell Ta gamo-
yeneba ara marto egsperiments aadvi Bebs, ara-
med rig SemTxvevebSi kvBevis erTaderT sa-
Suallebad gvevlineba ase magaliTad, Fazuri
ganSrevebis, ew. segregaciis procesebis prag-
tikulad dadgena SesaZlebelia gisosis pa-
rametrebis erTmaneTTan SedarebiT matrici-
dan fazis gamoyofamde da gamoyofis Semdeg.
Tu procesi warimarTa gisosis parametrebis
(strugturis) Seucvilelad, maSin fazuri gar-
dagmna muxruWdeba, sakvBevi xsnari (Faza)
gadadis arastabi Bur (BabiBur) mdgomareo-
baSi da SeurevBobis areebis warmogmniT gan-
Srevdeba msgavsi struqturulli agebullebis
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da gansxvavebulli koncentraciulli
1 obis fazebad.

am procesebis SeswavBla da prognozireba
metad aqtuaBur sakiTxs warmoadgens, vinai-
dan misi gadawyveta SesaZlBebells xdis vims-
JeloT mocemulli Senadnobis sxvadasxva da-
niSnu BebisaTvis gamoyenebis mizanSewoni ll o-
baze. ase magall iTad, rogorc cnobi lia ganS-
revebis procesebi sakonstrugcio Senad-
nobebze uaryofiT zegavBenas axdens, amitom,
cdi B oben mis Tavidan aci Bebas. amaveE dros
es procesebi gamoyenebu Bia ew. kompoziciuri
masa B ebis misaRebadac.

myari xsnarebis SemTxvevaSi aRniSnulli
procesebis empiriulad daFfigsireba Sesaz-
Bebelia egsperimentull monacemTa analizis
safuzve B ze; Txevadi xsnarebisTvis ki mxo-
Bod kargad argumentirebulli Teoriulli
kv Bevis meTodebi gamoiyeneba.
ganSrevebis winapiroba aris najeri Xxsnaris
kritikul temperaturamde gadacieba gark-
veulli siCgariT, rac ganapirobebs sistenis
mdgomareobis uecar SecvBas aramdgradobi-
saken. aseT pirobebSi gadaciebuli Xxsnari
kritikulze daball temperaturaze TviTdi-
nebiT daiSBeba Termodinamikur wonasworo-
baSi myof ori an sami xsnaris narevad (or-
Taza an samfaza ganSreveba), rome lsac egneba
sawyis xsnarze nak Bebi TavisuFalli energia
ganSrevebis procesi spinodalluri daSlis
meganizmiT mimdinareobs [1], romBis Tanaxmad
gadaciebu i xsnari koncentraciullad ganS-
revdeba, Tu misi Sedgeni Boba aRmoCndeba
Tavisufalli energiis mrudis SezneqiBobiT
gveviT mimarTull nawi B Si, roml is gadaRunvis
werti BebisTvis marTebull ia to I oba:

d°G(T, x) / 0x* =0,

sadac G aris gibsis Tavisufali
T _ temperatura, x _ koncentracia

Sedgeni-

@

energia,
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2. ZiriTadi nawi Ri

Cven mier warmodgeni B ia kv Bevis meTodika,
romelic saSuallebas iZBeva Teoriullad dad-
gindes samkomponentiani arareguBlarulli xsna-

rebis sam Ffazad ganSrevebis temperatu-
rull_koncentraciulli pirobebi Sesabamisi
BiTonuri sistemebisTvis. aRniSnulli Xxsna-

Ne 2 (488), 2013

rebis Termodinanmikuri FformiT warmodgenis-
Tvis Sedgenil igna gibsis Tavisufalli ener-
giis (G _ gibsis potencialli, j/moli) fungcia
(2), romlis sizustis xarisxi uzrunve lyofi-
Bia misi enTallpiuri maxasiaTebBis poli-
nomis rigis gazrdis Sedegad [2]

G (X1, X2, T) = X1Xg [Olg + Oy (X3 -Xq) +012 (X3 'X1)2 + 003 (Xs 'Xl)3 + 0 (Xs 'X1)4]+ XoX3 [0+ b1 (X3—X) +

+ by (Xa—Xo)*+ D (Xa—Xa)° +b (XaXo) T+XaXa [Co+ Co(Xa—Xa) + Co (XoX) +

(2)

+03 (Xg=X0) >+ Cq (XaX) T+ Xs XXa o XX X3 Ay XaXoXs” Oy + RT[xaIN (xa) + X2 IN (x2)+ Xs I (Xa)].

SemoTavazebul  FunqciaSi X, X da X3
cv l adebi e B ementebis koncentraciebia moBur
wi B ebSi, sadac x;+x, +x=1; T_ temperaturaa, K;
a;, b, c;—or ellenents Soris urTierTgmedebis
xuTwevriani parametrebia, xollo d - sam
el enents Soris urTierTgmedebis samwevriani
parametri. es parametrebi _ o, b,c,d (J/moli),
Sedgeba temperaturaze wrFfivad damokidebu-
Bi da damoukidebe i wevrebisagan: ;= Ojptoit,
b; = bigtbit, ¢ = citcit, di = digtdit; R universaluri
mudmivaa da 8,31 j/moRikel-is tolia

samkomponentiani Sedgeni B obis araregulla-
rulli xsnarebis sami minimumiT ganSrevebisas,
marTebulia (1) tolBobis Semdegi saxiT For-

muBireba 0°G/ax’=0;8°G/dx,"=0;9° G/ x0% =0,
rombBis Tanaxmad, sistema eqvemdebareba sam
fazad ganSrevebas, Tu misi temperaturul-
koncentaciull i maCveneb N ebi Tavisufalli
energiis meore rigis kerZo warmoebu lebs
erTdroullad gaanulebs. Sesabamisad, gibsis
potenciallis gamosaxu Bebis (2) minimizaciiT
meore rigis kerZo warmoebu B ebande da maTi
null Tan gatolebiT vRebuB obT gantoBebaTa
sistemas (3-5). es sistema warmoadgens kriti-
kuli wertillis koordinatebis tempera-
turis da koncentraciebis saangariSo mo-
de B's sanfFaza ganSrevebis dasadgenad:

0°G / x®=RT(L/ Xy + 1/ X3)— 20— 601y (X5 -Xy) ~2012[5(X5 -X1)* 4X1Xa] -2003(Xa -X1) [7(X3 -X1)? - 12X1Xa] —

-2004 (X3 -X1) T(Xa -X1) - 24Xy Xg] + 2Dy +2bXa (3X5-2%2) +2D3Xo (X3 o) (BXa-3,) +

+ 4D, (Xg X2)” (5Xa-2X) - 2XC1-CoAXa(XorX1) -2X0X ] Ca(2XaXo -2, ") (3Xa-6X4)+
+C4(X2'X1)2(20X1X2 - 8X22) '2X2(d0X1+ d1X2+ d2X3) +2X2(X3 'Xl)(do - dz) =0,

°G/ax’= RT(1/ %o+ 1/ x3)— 2bg— 6by(X3—X2) — 2b,[5(X3 —xz)z- AxoX%3] —2b3(Xs—X2) [7 (X3 —x2)2 - 12X%3] —

2D (x3—%) [O(Xa—X2) - 24XoXa] + 201X +200:Xy (33 -2X1) + 20X (X3—X1) (X3 -3X0)+

4)

+ A0 (X3 Xa)’ (5Xg-2X1) + 2XaCr+ Co (BXeXo - 4¥e )+ C3 (2XaXa-2X17) (6Xo-3%1) + CaXoXe) (20%0 X2 - 8%:) —
-2X1(d0X1+ d1X2+ d2X3) +2X1(X3 —Xz)(dl - dz) = 0,

0° G / 0%,0%; = RT / Xg= Olg— 201 (Xg -2Xq) + Ot[A%3 (2% -X)-3(Xa Xa) ]+ Qta(Xg -Xa) [6X1(3Xa-Xy) - 4(Xs %1)] +

+0tg (X3 -X0) [BX0(4X3 -X1) -5(X3 -X1)°]- Do+ by (4% -2X5) —b (BXe” +24%5+20: Xo-6X1-20X5+3)-D3[-4(Xs -Xo) (4Xo- 5Xo>-AX1Xo )+

()

+(X3'X2)2(4 '10X2'4X1)]+ b4[(X3 'X2)2(8X2 '12X22'8X1X2+5X12+5 '10X1)] +Co+2C1(X2'X1) +C2(3X22'8X1X2+ 3X12)+
+203(XXe) (2 - TX X+ 2X17)+Ca(KorXa) (5o 22X X+ 547 )+0lo[2X4 (X~ Xo)Xo T+ iy (2XoXg-2X1XoXo )+
+ dz[X32'2X2X3 - 2X1(XaX2)] = 0.

samkomponentiani arareguBlarulli Xxsnare-
bis sam fazad ganSrevebis procesebis gamosa-
kvBevad SeirCa sistemebi Fe-Cr-is fuZeze, ro-
me Blic orfaza ganSrevebis kBasikuri magall i-
Tia elementebs Soris urTierTgmedebis para-
metrebis (a;, b, ¢, d) ricxviTi mniSvne I obebi
aRebull igna programa "Thermo-Calc"-is optimi-
zirebulli monacemTa bazebidan [3] Sesabami-
sad, maTi CasmiT saangariSo model Si (3-5),
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vRebu B obT samganto Bebian sistemas samucno-
biani wevrebiT - T, X4, X, rac maTi amoxsnis Ssa-
Suallebas iZBeva (modelSi x; aris damoki-
debulli cvBladi da ganisazRvreba tolBobiT
Xs=1-X1-Xy).

aRniSnulli modeliT Catarebulli gaTvlle-
biT miRebull igna dadebiTi Sedegi Fe-Cr-C
sistemis araregullarulli o myari Xxsnaris-
Tvis (sivrciTcentrirebulli kuburi krista-
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Buri gisosiT). dadginda, rom T= 342 K
kritikull temperaturaze garkveulli siCga-
riT gadacivebisas, a xsnari moBRuri Sed-
geni BobiT X=0.72, X;,=0.25, Xc=0.03, gadadis
arastabi Bur mdgomareobaSi da kritikul
temperaturaze qveviT sam erTgvarovan Tfa-
zad ganSrevdeba: a; +d, + 0.

procesis meti TvalsaCinoebisaTvis, T=300K
temperaturaze, sam Fazad ganSrevebu i Fe-Cr-C
sistemis araregularulli a myari xsnarisTvis
agebullia izoTermulli Wrilli (naxl) da Tavi-
sufali energiis koncentraciaze damokide-

bu Bebis sivrciTi diagrama (nax.2), romBebzec
e Bementebis koncentraciebi gadazonmi Bia mo-
xolo gibsis
_ §/mol-is erTeullSi.

1.0%0

Bur wilebSi, Tavisufali

energia

\\%0.8
a3\ﬂo

04 02

0/ a, /ﬁar-l-—%

08 06

nax. 1. Fe-Cr-C sistemis sam Fazad ganSrevebu i
araregularulli a myari xsnaris izoTermulli
Wrilli T=300K temperaturaze

0z

04 gg

Fe
nax. 2. sam Fazad ganSrevebulli araregularulli
a myari xsnaris Tavisufalli energiis koncentraciaze
damokidebu B ebis sivrciTi diagrama, T=300K
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miRebull i1zoTermaze (nax.l) warmodgeni lia
o xsnaris sam Fazad ganSrevebis Termodi-
namikuri wonasworoba o; + da, + a3 (konoduri
sankuTxedi), romelBic Tavis mxriv moicavs
orfazad ganSrevebis Termodinamikur wonas-
worobebs: o + ay 0y + a3 0 + 03 (konodebiT
SeerTebu B i ubnebi).

Fe-Cr-C sistemis sam Tazad ganSrevebulli
araregularulli a myari xsnarisTvis gamoTv-
Bilia Sesabamisi wonasworulli koncentra-
ciebi moRur wi BebSi, T=300K temperaturaze;

1) Xee=0.14, X¢r= 0.29, Xc= 0.57; 2) Xge = 0.53, X¢r= 0.29,
Xc=0.18; 3) Xre=0.14, X,=0.68, X =0.18

3. daskvna

Cven mier SemuSavebuli mode Buri midgoma
saSuallebas iZBeva kvBevas daeqvemdebaros
ara erTi konkretuli, aramed gamosakvlevi
sistemebis FarTo speqtri. swored am kuTxiT
SeirCa saanallizod mTelli rigi samkompo-
nentiani Senadnobebi, romBebSic ganSrevebis
dadgena yveBlaze ufro mosalodnelli iyo Fe-
Cr-is FuZeze. kvBevis Sedegad dadginda, rom
Fe-Cr-C sistemis araregullarulli o myari
xsnari moBuri SedgeniBobiT X = 0.72, X =
0.25, Xc = 0.03 garkveu l siCgareze gadacivebisas,
342 K temperaturis qveviT sam erTgvarovan
fazad ganSrevdeba, romBebic erTmaneTTan
Termodinamikur  wonasworobaSia.  kvBevis
aRniSnulli meTodika egsperimentators uad-
vi Bebs pragtiku Bad daaFigsiros ganSrevebis
procesis dawyeba saangariSo modeliT ga-
moTvE il niSnull Tan
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THERMODYNAMIC MODELING OF SEPARATION INTO THREE PHASES OF
IRREGULAR SOLID SOLUTION OF FE-CR-C SYSTEM
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Thilisi, 0175, Georgia

’LEPL Ferdinand Tavadze Institute of Metallurgy and Materials Science, A15, Al. Kazbegi av, 0160, Thilisi, Georgia

Resume: Thermodynamic model of analysis of the critical point is elaborated for the study of the separation with
the three minimum of irregular ternary solutions. Using this model the researches are carried out on alloys based on
Fe-Cr. The temperature-concentration condition was determined for the separation into three homogeneous phases
of irregular a-solid solution of Fe-Cr-C system. The equilibrium concentrations were calculated and corresponding
diagrams were constructed for phases.

Key words: Thermodynamic modeling; spinodal decomposition; Gibbs potential; phase exfoliation; miscibility
gaps; critical point; interaction parameters.
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TEPMOAMHAMWYECKOE MOJENMPOBAHWE PACCNOEHUA HA TPWU ®A3bl HEPEMY/IAPHOIO
TBEPZLOrO PACTBOPA CYCTEMbI FE-CR-C

Fopaesvann ' T.A., IxkaHavepm 2 .B., 3ekanawsunmn? P.K.

! lenaptameHT MeTannyprum, MatepuanoBegeHns 1 06paboTK MeTannos, MPy3VHCKMA TEXHUUYECKWI YHUBEPCUTET,
Mpy3us, 0175, Tounucm, yn. Koctasa, 77

Ztonnn ®.TaBaase NHcTUTyT MeTannyprm 1 matepuanosegeHus, np. An. Kaséeru, Nel5, 0160, Téunucu, Ipysus

Pesiome: PaspabotaHa TepMoanMHaMmyeckas MO4e b aHasin3a KpUTUYECKOW TOUKM 15 MCCneoBaHMs pacc/oeHNs
C TpemMs MUHUMYMaMU HeperynapHbIX TDEXKOMMOHEHTHbLIX pacTBOPOB. [MpoBeAeHO 1Uccief0BaHne CriaBoB Ha OCHOBE
Fe-Cr ¢ ucrmonb3oBaHWEM YKa3aHHOW Mogenu. B pesynbTare yCTaHOBAEHO TeMmnepaTypHO-KOHLEHTpaLMOHHOe
YC/IOBME pPacC/OeHnsi Ha TpU OOHOPOAHblE (ha3bl HeperynsapHoro a- TBEPAOro pacteopa cuctemsl Fe-Cr-C. [Ans
paccnoeHHbIX (ha3 paccynTaHbl paBHOBECHbIE KOHLEHTPALMM 1 MOCTPOEHbI COOTBETCTBYIOLLME AnarpaMMbl.

KntoueBble C/1oBa: TEPMOANHAMMUYECKOE MO/ENMPOBaHMe; CMHOAANbHBIN pacnag, noteHuuan Mo6ea; ha3oBoe
paccnoeHue; 061acTi HECMELLMBAEMOCTM; KPUTUYECKAs TOUKA; MapameTpbl B3aMMOAeCTBIS.
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cxBlad afeTqgebiT nanostruqturulli volframvercxlis kompoziciuri
namzadebis dawnexa da maTi struqturis kvileva
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reziume: mocemuli naSromis mTavari mi-
zani iyo Segveswav B a nanostrugturulli voll-
Frani-vercxbis dawnexis SesallebBoba Teo-
riulli simkvrivis maxBobBobaSi cxBad
afeTgebiT dawnexis tegno B ogiiT.

imisaTvis, rom migveRo maRali simkvrivis
cillindrulli nimuSebi da SegveswavBa vercx-
Bis raodenobis gavBena wnexis procesze
egsperimentebSi SerCeulli iyo ori Semadgen-
B obis kompozicia W-10%Ag da W-50%Ag. da-
wnexa ganxorciellebulli iyo 950 °C tempe-
raturaze, xo o dawnexis intesivoba ci llind-
rulli konteineris kedelze ar aRemateboda
10gpa wnevas. rogorc pirve ladma gamokv Il eveb-
ma aCvena maRali temperaturisa da afeTqebis
energiis gamoyenebiT SesaZBebe lia daiwnexos
nanostrugturulli W-Ag namzadebi Teoriulli
simkvrivis max Bob B obaSi. amasTan, vercxlis
raodenoba mniSne B ovan gav B enas axdens miRe-
bulli kompozitebis xarisxze da mniSvne l ov-
nad ganapirobebs miRebulli sabol oo nimuSe-
bis homogenurobas. kerzod, 50% vercxlis
Semcve Bobisas cilindrulli namzadis cent-
ralur nawi BSi nimuSis mTell sigrZeze ad-
gi bi agvs vercxlis fazis koncentraciis ga-

zrdas, rac allbaT misi dabali sinkvriviT
aris gamowveu I 1.
mT BianobaSi, rogorc strugturebidan

Cans dawnexi Bi nimuSebi gamoirCeva maRal i
simkvriviTa da marcvlebs Soris ZBieri Se-
WiduBobiT. zogierT nimuSebSi radialuri
bzarebis arseboba ganpirobebulli unda iyos
dawnexis maRalli temperaturiTa da rogorc
Sedegi Termuli ZabvebiT.

sakvanZo sityvebi: afeTgeba;, cxBad afeT-
qebiT; nanostruqturulli; kompoziciuri ma-
sall ebi; namzadebi; dawnexa.
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1. Sesavalli

ukanasknel wBebSi didi moTxovniT sar-
gebBobs mZime Senadnobebi voll Framis ba-
zaze. maTi umravBesoba Sedgeba vo ll Framis
nawi B akebisagan, romBebic erTmaneTTan Se-
kavSirebu B ia sxvadasxva BiToniT. W-Ag kom-
poziciebi SesaZlebeBlia TarTod gamoyene-
bull ignes rogorc siTbos gambnevi masallebi
mikroe BeqtronikaSi, elegtrooptikur xell-
sawyoebSi, amrek@ FirFfitebad Tbur reag-
torebSi, sahaero da kosmosur tegno logi-
ebSi. amasTan, gasaTvaliswinebelia is fag-
tic, rom saerTaSoriso bazarze vercxlis
Fasi TiTqgnis 3-jer ufro nakBebia nanokris-
taluri voll framis fasTan SedarebiT, rac
mniSvne B ovnad amcirebs miRebu Bi namzadebis
Rirebullebas W-Ag kompoziciebis SemTxve-
vaSi [1,2,3].

yvelBla arsebull tegnoBogiebs dadebiT
TvisebebTan erTad uaryofiTi mxareebic ga-
aCniaT. nanozomis Fxvnilebi metad mgrz-
nobiarea temperaturis mimarT da es xasiaTi
izrdeba temperaturis matebasTan erTad.
marcvlis zrda ki gamoiwvevs nanostrugqtu-
ris srullyofillebis darRvevas da, rogorc
Sedegi, miRebuli monoBiTuri masalla mok-
Bebulli aRmoCndeba im unikaBuri Fizikur-
meganikuri Tvisebebisagan, riTac gamoirCeva
nanostrugturull i aRnagobis masall ebi.

nakeTobaSi nanokristaluri agebulebis
da, agedan gamomdinare, Sesabamisi speciFiku-
ri Tvisebebis SenarCunebis mizniT Cata-
rebullma kvBevebma garkveuli Sedegi ukve
gamoiRo. prob B emis gadaWra da nanostrugtu-
rulli maRali simkvrivis masallis miReba
Sesazlebeli gaxda kompoziciaSi Zneldno-
badi BiTonebis gamoyenebiT da am nanok-
ristaluri ZneBdnobadi BiTonis dawnexiT
misi rekristallizaciis temperaturis qvemoT.
aseTi midgoma ganapirobebs ZiriTadi Tazis



