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UDC 627.824
STRAINED-DEFORMATED CONDITION OF CONCRETE GRAVITATION DAM TAKING INTO ACCOUNT
THE HYDROSTATIC PRESSURE AT THE BOTTOM OF RESERVOIR

L. Galdava

Department of hydro- engineering, Georgian Technical University, 68°, M. Kostava str, Thilisi, 0175, Georgia

Resume: This work focuses on the analysis of strength of concrete gravitation dams. The following forces are act-
ing on the system “dam-foundation-reservoir”: dead load, hydrostatic pressure on the upstream side and the vertical
hydrostatic pressure at the bottom of the reservoir. The analysis is done for different cases of load combinations. The
guantitative and qualitative pictures of impact of hydrostatic pressure acting at the bottom of the reservoir on the
general mode of deformation of structure are determined. As a specific object of analysis the 60 m height Grace Dam
(Switzerland) is selected.

Key words: gravitation dam; rocky boundation; hydrostatic pressure; contact section; strained — deformed condition.

VK 627.824
HANPAXEHHO-AE®OPMMUPOBAHHOE COCTOAHUE BETOHHOM FrPABUTALIMOHHOM NNOTUHDI

CYYETOM N'MAPOCTATUYECKOIO AABJIEHMA HA AHO BOAOXPAHU/TULLIA
Fanpasa J1.A.

[enapTameHT ruapounH:keHepun, FPy3UHCKUIA TEXHUYECKMI yHuBepcuTeT, Mpysua, 0175, Teunucn, yn. M. Koctasa, 68°

Pe3tome: PaboTa nocesLLEHA aHaNM3Y NPOYHOCTU BETOHHOW rPaBUTALMOHHON MAOTUHLI. Ha cuctemy «naoTUHa-
OCHOBaHMe-BOAOXPaHUANLLE» AENCTBYIOT: COBCTBEHHbIM BEC, rMAPOCTaTUYECKas Harpyska Ha HamopHYyl rpaHb M
rmgpoctaTMyeckas Harpyska Ha AHO BogoXpaHuavwa. CaenaH aHanuM3 npu pasHbIX KOMOBWMHAUMAX 3TUX CUIOBBIX
baKTOpOB. YCTaHOBAEHb! KOIMYECTBEHHbIE M KaYecTBEHHbIE KapTUHbI BAUAHWUA MMAPOCTaTUHECKON HarpyskM Ha AHO
BOLOXPAHU/MLLA, HA obliee HanpsKeHHO-AepOPMUPOBAHHOE COCTOAHWME COOPYXKEHUA. B KayecTBe KOHKPETHOro
pacyeTHoOro obbeKTa BbibpaHa naoTuHa MNpelic (LUBeliuapus) BbicoTon 60 m.

KnioueBble €NnOBa: rpasuTauMOHHAsA MNOTMHA; CKA/IMCTOE OCHOBAHME; KOHTAKTHOE CeyeHue; HanpaKeHHOo-
AedopMMUpoBaHHOE COCTOAHME.

domgdaaos sbodgdwoe 13.03.14

UDC 627.824
EFFECT OF SLOW STATIC CYCLIC LOADING ON THE STRENGTH OF A CONCRETE GRAVITY DAM

A. Motsonelidze, L. Galdava*
Department of hydro-engineering, Georgian Technical University, 68b, M. Kostava str, Thilisi, 0175, Georgia

E-mail: leontina.galdava@gmail.com

structure. The proposed technique consists of: a) nonli-

Resume: This work focuses on a technique of static  near-elastic fracture constitutive model for concrete in
retrospective analysis of old concrete gravity dams. An  the plane strain condition and b) cyclic-induced degrada-
attempt is made to match the material and structural tion of stiffness and strength for dam concrete. Under
model of a dam with the actual operation history of the cyclic loading the cycles of reservoir filling-discharge is
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implied, i.e. loading-unloading of hydrostatic pressure to
the dam and bottom of a reservoir. The number of cycles
depends on the type of reservoir regulation.

Key words: gravity dam, rock foundation, cyclic
loading, modulus of elasticity, strength of concrete, con-
tact surface, stresses.

1. INTRODUCTION

There are presented the salient features of the vari-
ous aspects of a numerical model for the analysis of ex-
isting gravity dams, which takes past loading history of
the structure.

The constitutive model for the analysis of these dams is
based on the nonlinear-elastic fracture formulation. The
main advantage of this approach is that it can be easily im-
plemented in any numerical analysis with the required in-
put data for the model easily obtainable from the tradition-
al uniaxial tests on concrete specimens. This model takes in-
to account the effect of material fatigue under slow static
cyclic loading. This approach allows us to account for the ef-
fect of the degradation of concrete strength under cyclic
loading. To this end, the value of uniaxial compressive
strength of concrete, in the constitutive equation can be
substituted by the value of the strength of concrete, which
has been appropriately modified in accordance with the
number of loading-unloading cycles n.

2. THE BODY OF THE ARTICLE

The constitutive model based on the hypo-elastic
(nonlinear-elastic fracture) formulation, is employed.
This model realistically simulates a path-dependent irre-
versible stress-strain relationship. The main advantage of
this approach is that it can be easily implemented in any
numerical analysis with the required input data for the
model easily obtainable from the traditional uniaxial
tests on concrete specimens. The four-parameter failure
criterion [1] is employed. This model is modified in order
to take into account the effect of material fatigue under
slow static cyclic loading. This approach allows us to ac-
count for the effect of the degradation of concrete
strength (fatigue) under cyclic loading. To this end, the
value of uniaxial compressive strength of concrete o, can
be substituted by the value of the strength of concrete,
which has been appropriately modified in accordance
with the number of

loading-unloading cycles n:
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o, =0, (n) The value of strain & associated with the

maximum uniaxial compressive stress of concrete may
also be modified in accordance with the number of load-

ing-unloading cycles n: &, =¢.(n). It is obvious, that

cyclic loading causes the degradation of concrete stiff-
ness. This effect is accounted for the present model by
means of modifying the value of the initial modulus of
elasticity in accordance with the number of loading-
unloading cycles n: E; = E;(n).

Cycling loading exhibits significant nonlinear beha-
viour and drastic changes in material properties of con-
crete. The result is a considerable degradation of materi-
al properties of concrete, as the number of applied load-
ing-unloading cycles increases. In the present work, the
empirical relationships based on the experimental find-
ings on cyclic behaviour [2] are adopted. Very briefly, fol-
lowing the tests carried out on the concrete specimens
of Enguri arch dam, which were subjected to slow static
cyclic compressive loading, the following relationships
were established to define the degradation of the ma-
terial properties of concrete in relation to loading-
unloading cycles:

O'C(n):(l—ag lgn)aC
E (n) =(1-aE Ign)E,

(9C(n)=(1—a‘rg1 lgn)gc

(1)

where parameters a,”, a;" and a,” define the degra-
dation of the material properties of concrete under slow
static cyclic loading and n is the number of loading-
unloading cycles in accordance with the operation histo-
ry of a gravity dam (it corresponds to the number of
loading-unloading cycles of the reservoir during the op-
eration of the dam).

The specific values of these parameters may only be
determined by carrying out cyclic tests on concrete spe-
cimens. Nevertheless, a careful study of the results of
the investigations suggests, that the values of the above
parameters do vary within the following ranges:

0.05<al <0.25

0.10<ag <0.30

0.10<af <0.30

Generally, the degree of degradation of the material

properties of concrete increases in the number of load-
ing-unloading cycles n.

The “dam-foundation-reservoir” system, within the

plane strain problem, was considered. As a prototype of
gravity dam the 60 m height Grace dam (Switzerland) was

()
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adopted, which has vertical upstream face and down-
stream face with varying slope (0,68-0,85). The slope of
upper part of this dam (between V 2387,5 and V 2378,0
m a.s.l.) equals 0,25. The dam has rock and uniform foun-
dation. Its modulus of elasticity ;= 1*10° t/m2 and Pois-
son’s ratio v =0,25. The initial modulus of elasticity of
dam concrete Ey= 2*10° t/mz and Poisson’s ratio v =0,2 .
The system is divided into a mesh of triangular elements.

The total number of elements is 17022. From this amount
the dam itself has 3526 elements. The total number of
nodes is 8790. The major part of calculation scheme is
shown on Fig. 1. The regulation scheme of the Grace re-
servoir is shown on Fig. 2. As this graph shows, the reser-
voir is of seasonal regulations. 48 years passed since its
commissioning, i.e. n = 48.

1/ Elevation 183 88 m a5,

2/ Elovation 18288 m a3

3/E1evation 17838 m 2.5,

4 Erovation 157.00 m a.s).
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Figure 1. FEM scheme of the system “Grace dam-foundation-reservoir”
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Figure 3. oy stresses along the section #11 (contact surface) in t/m’

— Standard (dead load, hydrostatic pressure on the upstream
surface and bottom of the reservoir);
Taking into account the cyclic loading

Computations were carried out according to the fol-
lowing sequence:

1. The design version of the system “dam-founda-
tion-reservoir” was considered. As a modulus of elas-
ticity of dam concrete its initial value E, was adopted.
Hydrostatic pressure and dead load are acting on a dam.
The nodal displacements, strains, stress components,
major stresses and their directions were determined;

2. The major stresses were analyzed by the expres-
sions (1) and (2) taking into account the number of load-
ing-unloading cycles n = 48. The values of the modulus of
elasticity were specified. The initial modulus of elasticity
E; = 2*10° t/mZ was transformed into E (48) = 0,4*106
t/m? due to the cycles;

3. The system was computed again taking into ac-
count the specified value of the modulus of elasticity.

From the large number of results the only one, distri-

bution of o, stresses along the section #11 (contact

surface between dam and foundation), is presented on
Fig. 3. The results clearly show, that due to cyclic loading
the values of stresses are significantly reduced in the
cross point of the foundation surface and upstream face.
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At the other points of the section the values of stresses
are changed to a little degree.

3. CONCLUSION

It is necessary to take into account the number of
slow static cyclic loadings, when computing the mode of
deformation of gravity dams has a long term operation
history, because they significantly change the picture of
stress distribution at the upstream face. Trend of
changes is negative, i.e. the compressive stresses are re-
duced toward the tension stresses.
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B/IMAHUE MEOJ/IEHHOM CTATUYECKOW LIMK/IMYECKOM HATPY3KM HA MPOYHOCTb
BETOHHOM rPABUTALMOHHOM N/IOTUHbI

MouoHenupase A.H., Franpasa J1.A.

JenapTameHT ruaponH:KeHepun, MPy3NHCKMIA TeXHUYECKMI yHuBepcuTeT, Fpy3usa, 0175, Tounuck, ya. M. Koctasa 68°

Pe3stome: PaboTa noceslleHa CTaTUYECKOMY PETPOCNEKTUBHOMY aHa/iM3y CTapbiX GETOHHbIX TPaBUTALMOHHbIX
NAOTUH. AKLEHT fenaetca Ha paboTy CTPYKTYPbl COOPYXKEHWA U ero maTepuana C y4eTOM MCTOPUM SKCMayaTauumu.
Mpeanaraemas MeTOoAMKa OCHOBbIBAETCA Ha: 1) HeJMHEeWHO-ynpyron Mogenu paspylweHus B npegenax njaoCKon
Aedopmaunu 1 2) NpUHUMNE YMeHbLIEHUA NoKasaTenel *KeCTKOCTU U MPOYHOCTM BO BPEMA LIMKANYECKOW HarpysKu.
Mo4 UMKAMYECKMMM Harpy3Kamu noapasyMeBaeTcA Hano/IHeHMEe-ONOPOXKHEHNE BOAOXPAaHUIMLLA, T.e. NPUIOXKEHUe-
CHATME TMAPOCTATUYECKOM Harpy3Kn Ha HaNopyo rpaHb U AHO BOAOXPaHWUAUWA. KONMYECTBO LUMKIOB 3aBUCUT OT BUAA
peryiMpoBaHus BOAOXPaHUAMNLLA.

KntoueBble cnosa: rPaBUTaUMOHHAA CUNIA NNOTUHDLI; TOPHAA NOpPOoAa; CKasa, UMKANYECKaA Harpyska, moay/b
YNPYroctu; NPO4YHOCTb 6eToHa; KOHTAKTHanA NOBEPXHOCTb; HanpAXXeHue.
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UDC 662.76
FUEL ECONOMY BY USING SOLID FUEL HIGH-EFFICIENCY HEATING BOILERS WITHIN
NON-GASIFIED AREAS OF GEORGIA

D. Kutchukhidze, N. Murghulia, S. Giutashvili
Departament of water-supply, drainage, heat-gas supply and engineering equipment of building, Georgian Technical
University, 68b, M. Kostava str, Thilisi, 0175, Georgia

Resume: Low-cost raw materials such as wood, logs, wood chips, wood waste, tree branches, nut shell, sunflower
stems and maize stems and etc can be used as a fuel in this type of heating boilers.

Clean-burning fuel and increasing the surface area of fuel available to burn allows the efficiency /performance in-
dex/ reach up to 88-92%. This type of heating boilers consume the amount of wood, which is 2,5-3 times less, than the
wood consumed by conventional boilers, the efficiency index does not reach up to any higher than 25-30%.

Key words: heating boilers; solid fuel; non-gasified region; ecology; type of burning regulator.

YK 662.76
9KOHOMMA TONJINBA B OTEHECTBEHHbIX KOT/IAX OTONJIEHUA C UCMOJ/Ib3OBAHUEM
3®PEKTUBHOIO TBEP4OIO TOMN/IMBA B HETASUGULMPOBAHHbIX PETMOHAX IPY3UN

Kyuyxuase A.T., Myprynuna H.H., f'myrawsunu C.T.
[enapTtameHT BOAOCHAbXKeHUs, BOLOOTBEAEHMA, TEMNJ0rasoCHabKeHUAs W MHXEHEPHOro OCHALWEeHWA 34aHUN,
[PY3UHCKWUIA TEXHUYECKUI yHuBepcuTeT, Mpy3us, 0175, Tounuck, yn. M. Koctasa, 68°

Pe3tome: OCHOBHbIM BMAOM OTOMJIEHMA B 3TOM TUME KOT/IOB MCNo/b3yeTcs 6osee aelwéBoe Cblpbe MECTHOMo
NMPOUCXOMKAEHUA - HU3KOKAUYeCTBEHHAsA ApeBecuHa: bpesHa, NopybouHble OCTaTKKU (BETBM,CKOp/Iyna opexos, cTebau
NMOZCO/IHEYHMKA M KYKYpY3bl U T.4.). B npouecce NoAHOroO CXKWUraHUs TOMIMBA U YBEIMYEHWA NIOLLAAN NOBEPXHOCTU
BO3MOXHO [0CTMYb Bonee BbICOKOTro 3HauveHua KN4 — 88-92%.

Koten notpebnset B 2,5-3 pasa MeHblle APOB, NO CPABHEHUIO C TPAAUUMOHHBIM CTAPbIM KOTNOM, KO3dpduumneHT
No/Ie3HOro AENCTBUA KOTOPOro He npeBbiwaeT 25%. ABTOMATUYECKan cUCTeMa YNpaB/ieHMA TaKUM KOTI0M paboTaeT ¢
npumeHeHnem HeobxoANMMOM 3aLmThI.

KnioueBble €/10Ba: oToNWTENbHbIN KOTEN; TBEPA0E TOMMUBO; HErasmdULMPOBaHHbIA PErMOH; 3K0A0rUsA; npoLecc
ropeHus; BEHTUAATOP.

domygdaaos sbodydooe 14.03.14
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MATHEMATICAL MODELING OF THE VARIATION OF GOLD MINERALIZATION IN THE AREA OF

KVIRATSKHOVELI AT SAKDRISI ORE DEPOSIT

N. Kajaia, N. Japaridze. Sh. Janashvili

Department of applied geology, Georgian Technical University, 77, M. Kostava str, Thilisi, 0175, Georgia

Resume: The work considers the peculiarities of the variation in the mineralization distribution in three gold ore-

bearing bodies, found in the area of Kviratskhoveli at Sakdrisi ore deposit.

The variation coefficients calculated by using the frequency method evidence, that the distribution of gold in the

first body located in the most upper part is quite uneven, while the gold distribution in the second and third bodies is
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extremely uneven. It is clear, that in terms of such variability, the calculation of the predictive batch mean value by us-
ing the mean arithmetical value of the sampling data is inadmissible. We used the probabilistic-statistical method to
calculate the mean value weighted to the frequency of classes and assigned it the status of mathematical expectation.
The relative errors between the mean arithmetical values and values weighted to average frequency reached inad-
missible high values what has made it clear, that in terms of such mineralization, assigning the mean arithmetical val-
ue the status of mathematical expectation is inadmissible.

By correlating the value weighted to average frequency and the mean arithmetical value, we calculated the correc-
tion coefficient, which at mining will contribute to the correct and swift calculation of the deposit supplies.

Key words: gold mineralization; variation of mineralization; mathematical expectation; variation coefficient; cor-
rection coefficient.

YAK 553.048:15.2.1
MATEMATUYECKOE MOAENTNPOBAHUE USMEHYNUBOCTU MUHEPATU3SALIMU 30/10TA HA

YYACTKE KBUPALIXOBEJ/IU CAKAPUCCKOIO MECTOPOXXAEHUA

Kag:kaa H.A., Oxxanapuase H.H., OxxaHawsunwm LL.T.
[JenapTamMeHT nNpuUKNagHoON reosnorum, [pPy3sMHCKUA TexHU4Yeckuin yHusepcuteT, [pysumsa, 0175, Tbuauck, ya.

M. Kocrasa, 77

Pe3stome: B cratbe paccmoTpeHbl 0COBEHHOCTU pacnpegeneHus MUHepanvs3auum B TPeX 30/10TOCOAEpIKallumx
PYAHbIX TeNax, BblAeeHHbIX Ha yyacTke Kenpauxosenn CakapuUCcCKOro MeCTOPOXKAEHMS.
BbluMCNEHHbI METOL40M YacToT Ko3dOUUMEHT BapMaL MK MOKasan, YTo B NEPBOM PyAHOM Tesie pacnpegeneHune

30/10Ta BeCbMa HepaBHOMEPHOE, a BO BTOPOM W TPeTbem — KpaiHe HepaBHomepHoe. OYeBMAHO, YTO NPU TaKoM
M3MEHUYMBOCTU pacnpeaeneHus, BblumcaeHme obLwero NporHo3HOro CpesHero NPy NOMOLLM cpegHeapupmeTUYeckoro
AaHHbIX onpoboBaHMA Henpremaemo.

BepoATHOCTHO-CTaTUCTMYECKMM METOAOM BbIUMCAMAM CPEeLHEB3BELIEHHOe C YacTOTOW KNaccoB, MPUCBOMB emy
CTaTyC MaTemMaTM4ecKoro oxugaHua. OTHOCUTENbHAs MOrPelWwHOCTb MeAy CpeAHeB3BelleHHbIM U cpeaHea-
prdMeTUYECKMM 3HAaYEHMAMM OKa3aacb HENPUEMIEMO BbICOKOM, U 3TO, B CBOIO o4Yepesb, MOKa3ano, YTo Npu AaHHOM
MUHEpanMsauMmM Henpuemaemo MPUCBOEHME CTaTyca MaTeMaTUYecKoro OXUaaHua cpegHeapudmeTmieckomy
3HauyeHuto. CooTHecA cpepHeB3BelWEeHHOe CO CPpegHeapuPMETUYECKMM, BbIYMCAUAM MOMNPABOYHbIA KO3POULMEHT,
KOTOpPbI 06ecneunT onepaTmBHbINA M NPaBUAbHbIA NOACHET 3aMacoB NPK SKCMAyaTaLMM MECTOPOXKAEHUA.

KntoueBble cnoBa: muHepanusaumsa 30/10Ta; M3MEHUMBOCTb MWHEPANM3ALMM; MATEMATUUYECKOE OXNUAAHUE;
K03 PUUMEHT BEPOATHOCTU; MOMNPABOYHbINA KO3GDULMEHT.

domgdaaos sbodygdwse 13.03.14
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B/IMAHUE LLEPUA HA BbICOKOTEMMNEPATYPHYIO KOPPO3MIO XPOMO-ATIOMUHUEBOM

APOCTOMKOM CTANU

o.n. MMKa,qsel*, A.3. KaH,qenaKuz, u.r Haxyu,pmueunul, H.U. Maﬁcypa,qsel, r.o. Mvu(a,cl,se1

1 o o
[enaptameHT MeTannyprum, matepuanosegeHms n 06paboTku meTannos, FPy3MHCKUIA TexHUYEecKnii YHusepcurer,

lpysua 0175, Téuancu, yn. M. Koctasa, 69.

ZMHCTMTyT MEeTaNNyprum u matepunanosegeHma nm. ©.H. Tasaaze, Mpysusa 0160, Touaucu, np. An. Kasbern 15.

E-mail: omikadze@yahoo.com

Pestome: B aTmocoepe Bo3ayxa npwm 1200°C nccneno-
BaHa KapocToihkocTb ctanm  Fe+16%Cr +5%Al +
+0,5%zr +0,3%Ce c BbICOKMM XMMUYECKMM CONpOTUBAE-

Huem, obnagawoweir ocobeHHOW KOPPO3MOHHOW CTOW-
KOCTbIO B Cpefe MNPOAYKTOB CropaHuWa rasoobpasHoro
TOMAMBA MPW  CTO/b  BbICOKMX TemnepaTypax Kak

1300+ 50°C. B atom acnekte BausiHme Lepus Ha CBOMCTBA
CTa/n B LE/IOM aHaNorM4yHO BO3AEMCTBUIO IaHTaHa, XOTA B
AaHHOM cnydae popmumpoBaHme anddy3noHHbIX bapbepos
M3 MNEepOBCKUTOBbIX a3 B OKCUMOHOM CTPYKType He
noATBepKAaeTcA.

KnioueBble CN10Ba: KapoCTOMKOCTb; KOppOo3us; aare-
PEHTHOCTb; KMHETUKA.

1. BBEAEHUE

Nioban KMHeTUYecKan MoLeNlb OKUCAUTENIbHOTO Mpo-
Lecca MeTannoB M CNaaBoB npeacrasnser coboin ynpo-
LLEeHHYI0O CXeMy Tex YC/I0BWI, MO KOTOPOM NPOUCXOAMUT
NPOrHo3npoBaHWe peasbHOro npouecca.

HayanbHana cTagma OKWUCAEHUA YUCTO XMMUYECKUI
npoLecc B3aMMoLEeNCTBMA aTOMOB KUCaopoda U meTan-
Na, panbHellee TeYeHME KOTOPOro COMpPOBOXAAETCA
anddysment aTMX aTomoB Yepe3 MHorodasHbld OKCUA-
HbIN CNOMA.

OkamuHbl Cr,O; 1 AlLO; dopmupytoLmx apocToit-
KMX WM KOPPO3MOHHOCTOMKMX CMNABOB XapaKTepusytoTca

KpaliHe HU3KMMKW NapameTpamu obbemHon anddysun, B
KOTOPbIX OCHOBHbIMM apTEPUsSMM MacconepeHoca, obyc-
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NIOBNMBAIOLLMMM MX POCT, ABAAKOTCA TPaHWULbl PaCTyLMX
OKCUAHbIX 3epeH. Mo3TOMy OAHMM M3 OCHOBHbIX MPUH-
UMNOB pPa3paboTKM CMIABOB C BbICOKMM XMMMWYECKUM
CoOMpoTMBAEHMEM ABAAETCA B/I0OKMPOBaHWE 3epPHOrpaHmY-
HOrO TPaHCMoOpTa, MO KpalHeh Mepe, OAHOro M3 ABYyX
NPOTMBOMO/IOKHO Hanpas/ieHHbIX ANDPY3MOHHbBIX NOTOKOB
B3anmoaencTeyroLmx Yactmy, [1-3].

Ob6bI4HO 3epHOrpaHNYHble BblaeneHusa BTopon ¢asbl
YCKOPAIOT, @ He 3aMeaNAlT MEXKKPUCTANNIUTHYIO KOPPO-
3MI0 METaN/IoB U CNAABOB. B 3TOM acnekTe oTAM4atoTCA

CNoHble OoKcuaHble ¢asbl Tvna neposckutos RMO;,
rae R—oanH 3 peaxkosemenbHbIX MeTannoB (naHTaH
wnn nttpuii [2,4]), a M osnauaet Cr mam Al. Jloka-
NU30BaHHble (GOPMMPOBAHMA MEPOBCKUTOB, Cerperu-

pysAcb Ha rpaHuuax pactywmx seped Al,O;, cnabo eaus-

10T Ha BHYTPEHHIO anddy3nto Kucnopoga u apdeKTms-
HO GNOKMPYIOT HapyXKHYK KaTUMOHHYL auddysuio. 310
PaBHOCU/AIBHO YMeHbleHU0 3¢dEeKTUBHOW nowaam
anddy3nn 1 BEAET K USMEHEHUIO 3aKOHa OKWUCAEHUA OT
napabosimyeckoro K norapupmmueckomy [1,3], T.e x TOp-
MOJKEHUIO IIpoliecca.

B coBpemeHHOW TeXHWKe LUMPOKO WMCMO/b3YIOT Cho-
COBHOCTb Lepua MoaMdULMPOBATL CN/iaBbl HA OCHOBE
wenesa. 3pecb pgeicteme Ce B UeNOM aHANOMMYHO
gencremio La. Ho, NnockonbKy uLepwii 3HaUMTENbHO Ae-
lweBne WM [OCTyNHee NaHTaHa, a TaKXKe BblaenseTcs
CBOEN «HeCTaHAAPTHOM» BaNEHTHOCTbIO (ABOWMHaA Ba-
NIEHTHOCTb: +3 1 +4) cpean peakux semenb, NpUMeHeHne
Ce 3acnyKuBaeT KaK NPaKTUYECKUA, TaK M TeopeTu-
YeCcKUi NHTepec.
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2. OCHOBHAA YACTb
Pe3ynbTaTbl cCnenoBaHuii u nx obeyxaeHne

XapaKkTep OKUCNeHWA uccnesyemoro obbekta ¢uKcu-
pYyemoro coctasa, NPeXKae BCero, 3aBUCUT OT YUCTOTbI LLMX-
TOBbIX MaTepPWanoB, YCI0BUI NIABKN, U3rOTOBIEHWA U NPO-
LeypHOM NoAroTOBKM OMbITHbIX 0OPA3LOB K 3KCNepUmeH-
Ty, @ TaK¥Ke OT cnocoba NnpoBeeHUA STOr0 SKCNEPUMEHTA.

3T acnekTbl HEOA4HOKPATHO OCBELWANUCb paHee
[5,6]. PaHee TaKKe 6bIN0 YCTAaHOB/IEHO, YTO B BMHapHOM
Fe-Cr ¥KapOCTOMKOCTbIO
061a4atoT CNNaBbl, COAEpPIKalLMe XPOM B MHTepBase 16-
20%. C yyeTtom 3TOro ¢dakTa Hamu maTpuuein uccneay-
emMoro cnsiaea BblbpaHa XPOMOANOMWMHMEBAA CTalb
Fe+16%Cr +5%Al,  [onoNHUTENbHO  NEerMpoBaHHas
umpkoHem (0,5%) u uepuem (0,3%). Kak u cneposano
oxunpatb, Zr n Ce okxa3ann NO3MTUBHOE B/MAHME Ha
Elololes

YCWIMBAETCA NPU UX COBMECTHOM JIETMpoBaHuu [6]. Kpome

cncreme MaKCMMa IbHOM

YKapOCTOMKOCTb  MaTpuupl, MpuYyem  3TOT

TOrO, CHUMKEHWEe cofepyKaHuAa xpoma go 16% nossonser
BECTW NNaBKy Ha Bo3ayxe nog, G/l0CoM 1 NoayYaThb BroHE
TEXHO/IOMMYECKME CAWUTKKM, KOTOPblE  XOPOLLO
NPOKaTbIBAOTCA M 06PabaTbIBaOTCA pe3aHMEM.
YaenbHble NpuBecbl Tpex napannenbHblx 06pasuos,
M3rOTOB/IEHHbIX M3 ONTUMANbHO JIETMPOBAHHOM CTanw,

KytoTcs,

BbIAENAKTCA KpaliHe HU3KMMW 3HAYEHUAMWU Npu 1200°C,
He npesblwatowmmm 0,98 mr/cm? 3a 100 yacos (puc.1).

W,Mr/CM2
1.2

1 -
0.8
0.6

0.4 1
0.2
0 —+—{ T,4ac
0 20 40 60 80 100

Puc.1. KuHetmMka okucneHUs cTanm Ha Bo3gyxe

npu 1200°C

MonoxutenbHoe BAMAHWE MUKPOLO0DABOK Lepua
0COBEHHO APKO NPOABAAETCA HA KOPPO3UMOHHOMN CTOW-
KOCTM CTaNu, NpU €ero LUKANYECKOM MCMbITAaHUWU B MpPO-
AyKTax cropaHus rasoobpasHoro Tonamea (puc.2). Ku-
HEeTUKa HEeM30TEPMUYECKOTO OKUC/IEeHWA 06pasLoB npwu
CTONIb  BbICOKOM KaKoW

Temneparype, Asnserca

ISOOiSOOC, HOCWT SIBHO 3aLUMTHbIM XapaKTep M yKasbl-
BAaeT HA BbLICOKYI aArepeHTHocTb CHOPMUPOBAHHOM
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OKa/IMHbl C MEeTa/l/InYecKomn NOBEPXHOCTbO B TeyeHue
ANNTeNbHOro nepunoaa.

2
W, mr/em

T, uac

400 500

Puc.2. KuHetuka okucneHus cranm
B CpeAe TOMOYHbIX ra3os Npu 1300450°C

Mpn uWccnefoBaHMM HayalbHbIX CTaguid  U30TepMU-
YECKOro OKMC/IEHUA HA BO3ZyXe 3TOW Ke CTa/ln AEeMOHCT-
pvpyeTcs, Y4To Ha GOPMMPOBaHME MOBEPXHOCTHOW MAEHKM
M3 oOKcuaa antomuHusa Tpebyetca 30-50 muH (pwmc.3);
NAeHKa 3aTeM YTO/ILAETCA MNPOTMBOMOJIOKHO Hanpas-
JIEHHbIMW MOTOKaMM B3aMMOAENCTBYIOLLMX YacTuL, BaxkHo
Npu 3TOM OTMETUTb, YTO MEZ/IEHHO PacTyLUMiA NPOTEK-
TOPHbIA CNON ANUTENbHOE BPEMSA COXPAHAET MIOTHbIN
KOHTaKT C METa/l/IM4eCKON maTpuuen, obecneumsasn »Ka-
POCTOMKOCTb M KOPPO3NOHHYHO CTOMKOCTb MaTepurana.

W, Mr/em’
0.4
035 1300°C,

0.3
0.25
0.2
0.15 1200°C
0.1

0.05
T, MHH

0 45 90 135 180

Puc.3. HauanbHble cTaguun
OKUCNEHUA CTaNn Ha Bo3ayXe

CneanyeT OTMETUTb, YTO OKafiMHa, chopmupoBaHHan
Ha 6e3uLepueBoit CTanu, B NPOLIECCE OXnaxAeHua oT

1200°C otcnamsaetca ot maTpuupl. HeagrepeHTHOCTb
OKa/IMHbI ABNAETCA pe3yNbTaTom GOPMUPOBAHUA MHO-
YKECTBEHHbIX MasiblX NYCcTOT Ha Mex$a3oBoi rpaHuLe
cTanb/OKanuHa.

CraHpapTHaa cBoboaHas 3sHeprua ¢GopmMMpoBaHKA

ALO; n CeO, npu 1200°C Ha monb KmMcnopoaa coc-



L& I-0L ‘dA(M3Id0 — TRANSACTIONS OF GTU — TPYAbI ITY

Tasnset -801 u -787 k[ cooTBeTCTBEHHO [4]. OTK 3Ha-
YeHWs [0BONbHO BAU3KM APYT K APYrY U MOXHO npeano-
noxutb, uto Al 1 Ce MoryT oKMCAATbCA OHOBPEMEHHO
Ha nosepxHocTM cnnasa. 3atem CeO, npeumyuiect-
BEHHO pacTeT BCNeACTBME BbICOKOW AUPDY3MOHHOM
NPOHWLLAEMOCTN MOHOB KMUCNOPOAA CKBO3b 3TOT OKCUA,.
Mo3Tomy OKcuAHble KpenexHble WTdTbl M3bupatenbHo
NoABAAIOTCA Ha rpaHWLAX 3epeH M BbIMNOJHAKT PoJb

KOPOTKO3aMKHYTbIX AMPPY3MOHHbIX NyTen Kucnopoaa
ana ¢opmuposanusa Al,Oy. CnefoBaTenbHo, pacTyLias
OKa/IMHA M3 OKcMAa a/toOMUHUA MOMKEeT OKasaTbCA
3aKkpenneHHow wrnudptamm ns CeO, [4], Kak 3TO NoKa-
3aHO Ha puc.4. OCHOBHbIM GaKTOPOM MPU 3TOM KayecT-
BEHHOMO Y/YYLIEHUS ee afrepeHTHOCTU SABASeTcA npe-
OO0TBpaLLeHMe NyCcTOT Ha NOBEPXHOCTU pasaena OKanHbI
C maTpuuei.

Al103

f',

//

;;f/

///// /////

IYCTOTHI

Puc.4. Cxematuyeckoe M306pameuwe pocCTa OKa/InHbI U3

Al703 wa a) 6ecuepuesoii ctanu, 6) uepuesoii ctanm

C haKTOM KM1acCMYecKoro «LITUGTOBOro» 3aKpenieHma
Al,O, uepva
06Hapy>KEHHOE HaMM MEXKPUCTaINTHOE pacnpeaeneHune

OKa/InHbl U3 OKCnaamu cornacyetca

aKTMBHbIX KOMMOHEHTOB MNpPU  BbICOKOTEMMEPATYPHOM
OKWUCNIEHUM  XPOMOANIIOMUHUEBOW CTasM C MpUCaAKaMM

uepwus (puc.5).

I urmycer
S40°

0*

Puc.5. KoHueHTpauMoHHbIe KpuBble pacnpeaeneHuns
Al n Ce B okanuue

MonyyeHne OoKcMAa TPEXBANEHTHOTO LLepUs HaMHOTO
CNOXKHEe, YeM YEeTbIPEXBANEHTHOTO, YTO MPAKTUYECKM
UCKNIOYaeT WaHC $GOPMMPOBAHUA MEPOBCKUTOBBLIX a3
uepus (CeCrO; uan CeAlO;) no mexaHusmy obpaso-
BaHMA XPOMMUTA UM aNlOMUHATA NaHTaHa:

La,0; +Cr,O; — 2LaCrO; (1),

La,0; + Al,O, - 2LaAlO; 2),

noayepKuBas cneuuduKy BAMAHUA LEepUs Ha BbICOKO-
TEeMMNepaTypHYO KOPPO3UIO KapOCTOMKMX CMIaBOB.
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BbICOKOE XMMMYECKOEe COMPOTMB/EHUE CMIABOB [N1aB-
HbIM 06Pa30M [OCTUIaeTCsA NOCPEACTBOM CNeAYIOLLMX ABYX
GaKTOPOB: CHUMKEHWEM CKOPOCTU OKUCNEHWUA U Yy4-
WeHMeM aarepeHTHOCTM OKanauHbl. Cnnaebl  3Kcnya-
TUPYIOTCA B MEPeMeHHOM TemnepaTypHOM rose, Cleao-
BaTe/bHO,

OYeHb BaXKHbIM (GAKTOPOM A/MUTEbHOM  3KCMAyaTaumm

COXpaHeHMEe 3alMTHON OKa/MHbI ABAAETCA
MaTepuana, 0CObeHHO Npu ero TEPMOLLMKINPOBAHUM.
Mepexo4 Ha CynepcBepPXKPUTUYECKME MapameTpbl
(Temnepatypbl M AaBneHus) BOAAHOrO Mapa, MCMO/b3y-
emoro paboveit cpefoit MapocunoBbix GJ0KOB HOBOrO
noKosieHus, obecneunBaer YUCTYIO YTUIM3aLUMIO KameH-
HOro yrnsa u cHuxkeHune amuceun CO, ¢ ogHOBPEMEHHbIM

nosbilleHnem yp,eanoﬁ MOLLHOCTU TENNOBbLIX YCTAHOBOK.
B cBA3K C 3TUM, XPOMOANOMUHUEBBIE CTa/IN C BbICOKMM
XUMUYECKUM COMPOTUBNEHUNEM MOTYT HalTn npumeHeHne
B KayecCctBe maTtepumasia NoKpbITUA BHyTpeHHeVI CTOPOHDbI
NnapoBbIX KOTNOB U NPOTUBOCTOATb arpecCMBHOMY BO3-
ﬂ,eﬁCTBMIO N/IOTHOIO NOTOKaA pa3orpeToro napa.

3. 3AKJIDHEHUE

MonoxutenbHoe BAMSHUE Manbix J06aBOK Lepus Ha
BbICOKOTEMMNEPATYPHYIO KOPPO3UIO XPOMO-a/IlOMUHME-
BbIX CTafei TPYAHO OBBACHUTb OAHUM MPOCTbIM MeXa-
HU3MOM, T.K. AB/IAETCA Pe3y/bTaTOM O4HOBPEMEHHOro
BO34eMCTBUA MHOMMX GAKTOPOB, BHOCALLMX CBOW BKAag, B
YMEHbLUEHNE CKOPOCTU OKMC/IEHUA NPU M30Tepmuyec-
KOM PasBUTUM MpPoLLecca M y/ydlleHUe aarepeHTHOCTM
OKa/IMHbI B MPOLECCe LUKANYECKOTO OKUCNEHUSA.
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INFLUENCE OF CERIUM ON THE HIGH TEMPERATURE CORROSION OF CHROMIUM-ALUMINIUM
HEAT-RESISTING STEEL

0. Mikadze', A. Kandelaki’, I. Nakhutsrishvili’, N. Maisuradze’, G. Mikadze'

'Department of metallurgy, materials scince and metal-working. Gorgian Technical University, 69, M. Kostava str., Tbi-

lisi, 0175, Georgia.
’Ferdinand Tavadze Institute of Metallurgy and Materials Scince.16, Kazbegi aven., Thilisi, 0160, Georgia.

Resume: The oxidation test of Fe+16%Cr +5%Al +0,5%zr +0,3%Ce steel with particular corrosion resistance

in combustion products of a gas fuel at 1300+ 50°C temperature was carried out in air at 1200°C . In this aspect
the cerium effect on the steel oxidation behaviour was almost similar to the action of lanthanum, although the forma-
tion of diffusion barriers as perovskite phases was not observed.

Key words: heat-resisting; corrosion; adherence; kinetics.
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O METOAUKE NNTAHUPOBAHUA HALEXHOIO 3KCNEPUMEHTA B NMPOU3BOACTBEHHbIX

YCNOBUAX
A.N. Tyt6epupse*, K.l MNanaea, C.A.MeboHus

[enapTaMeHT meTannyprum, maTepuanoBefeHna n obpaboTkn meTannos, PY3MHCKUIA TEXHUYECKUI YHUBEpPCUTET,

lpyswua, 0175, Téuancu, yn. M. Koctasa 69

E-mail: atutber 34 @ mail.ru

Pe3lome: Ha oOCHOBaHMM METOAOB MaTEMAaTMHYECKOM

CTaTUCTUKM  paspaboTaHa  METOAMKA  MNJIAHMPOBAHUA
HaZEeXKHOro aKCNeprMeHTa Mo yaydLleHUIo KadecTsa Tpyb B
NPOW3BOACTBEHHbIX YCN0BUAX. YCTAaHOB/IEHO, YTO A0CTaTOY-
Hafa [O/N1A NPOU3BOACTBEHHbIX YC/NOBUI [OCTOBEPHOCTb
aKkcnepmumenTa P=0.813 nonyyaerca npu nposeaeHnmn ero 8
TeyeHue 12 cmeH NoAapAas ¢ NOCTOAHHbBIM NONOXKUTEIbHBIM

BbIXOA0M.

KnioueBble cnoBa: npokaTka Tpy6; asTomatcrtaH 400;
HecTabuNbHOCTL Pe3y/bTaToB; MIAHUMPOBAHWE 3KCMepw-
MEHTa; AOCTOBEPHOCTb; BEPOATHOCTD.

3. BBEAEHMUE

TexHONOrMYeckMit npouecc npoussoacTsa Tpyb Asnsa-
€TCA KNACCUYECKMM NPUMEPOM HECTaLMOHAPHOMO O6beKTa.
Ha ¢opmmpoBaHue oKoHYaTeNbHOW NPOAYKLMN — TpyObl —
OKas3bIBAEeT B/IMAHME LE/bIi KOMIIEKC Pas/IMYHbIX, YacTo
B3aMMHO KOPPEennpoBaHHbIX $akTopos. HecmoTps Ha To,
4yTO onepauMu MNpPomM3BOACTBA TPYO B 3TOM BbICOKOTEM-
nepaTypHOM NpoLecce NPOTEKAOT B MPUMEPHO HEU3MEH-
HbIX YC/IOBMSX M C BO3MOKHOM TLLATE/IbHOCTbIO MNPOU3-
BOACTBEHHbIX OMepaLMii, pesynbTaTbl UX B OTHOLLIEHWMU,
Hanpumep, TOYHOCTU FrEOMETPUYECKMX PAa3MEPOB, KayecTea
NOBEPXHOCTU, MEXAHUYECKMX CBOMCTB M T.A. HECTABU/bHBI,
T.€. OHW UCMbITbIBAIOT C/Iy4aliHOE paccemBaHne — Bapbupo-
BaHWe (pNyKTyaumto), [AoCTUraloLWwee YacTo 3HAYUTENbHbIX
BENMYMH. TPUUMHOIN 3TOrO ABNEHUS CAYKUT BAUAHME
baKTOpOB, KaK MOALAMOWMXCA, TaK M He MOoAOAIoLMXCA
KOHTPOJI0, HAaMPUMeEP, TaKUX KaK Cy4aliHOE, HO B TO e
BPEMSA HEYYUTbIBAEMOE OTK/IOHEHWE OT ONTUMAs/IbHbIX 3HA-
YeHMI MapameTpPOoB BbIMIABKU CTa/sM, HapyLleHue Temne-
PaTYypPHbIX PEXKMMOB BbINyCKa, CKOPOCTU PA3/INBKM, CayYaii-
HbIX BO34EMCTBUIA Ha MeTasN MPU UX MHOTOKPaTHOM Har-
peBe Mo TEXHOOTMYECKOMY MapLLPYTY NPOU3BOACTBA TPYO,
CNy4alHbIX KonebaHWii NapaMeTpoB MPOKATKM W T.4., T.e.
npoLecc NPOTEKAET B NEPEHACHILLEHHOM nosie GaKTopPoB.

TexHoNOrMYecknn npouecc npousBoacTea Tpyb AsnsA-
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€TCA eiHbIM 06BEKTOM, KaK Bbl 3aMKHYTOW CMCTEMOI OT
Npown3BOACTBa CTaNM A0 roTOBOW NPOAYKLUMN — TPYBbI.

MnaHWpoBaHWe W MpoBeAeHME HaAEMKHOro 3Kcrnepu-
MeHTa Aaxe B 1abopaTopHbIX YCA0BMAX TpebyeT TuiaTe b-
HOW NOArOTOBKM M BbICOKOM KBanMdUKaLMM SKCNepumeH-
TaTopa. Mpou3BOACTBEHHbIE YCNA0BMA CO34al0T AOMO/HU-
TeNbHble 3aTPyAHEHMsA, CBA3aHHble C OrpaHUYeHUem
cB06OAbI AENCTBUIA SKCNEPUMEHTATOPA, C OAHON CTOPOHBI,
M CO CNyYailHbIMKM KonebaHWAMM NoKasaTenelt npouecca, ¢
OPYroW, a Tak»Ke C HEBO3MOMHOCTbIO NOCTOAHHOTO M CTPO-
roro cobnofeHna 3aAaHHbIX 3HAYEeHWA TeX WAM UHBbIX
($baKTopOoB BO3AENCTBUA.

AKTUBHbIN 3KCMEPMMEHT, NPOBEAEHHbI B NPpOn3BOACT-
BEHHbIX YC/NIOBUAX, ABNAETCA BMELLATEIbCTBOM B NPOLLECC U
OH JO/IKEeH BbI3BaTb HEKOTOPOE BO3MYLUEHWME TEKYLLMX
YCNOBUIM, HEKOTOPOE M3MEHEHUE TeX WA MHbIX XapaKTe-
pUCTWK npouecca. Ho 3TM xapaKTepuUcTMkM M 6e3 Toro
npeTepneBatoT cayvaliHble KonebaHWA 1, NPOBOAA SKcne-
PUMEHT B MPOM3BOACTBEHHbIX YC/IOBUAX, HEobXoAMMO
y6eanTbea, UTO 3T M3MEHEHWMA B NpoLecce ABAAIOTCA He
pesyNbTaToOM CAyYalHbIX KonebaHuii, a HamnpaBAeHHbIX
3aMN1aHNPOBaHHbIX AEeNCTBMI 3KcnepumeHTaTopa [1-3].

Takum 06pasom, nepes nposedeHVMEM MPOM3BOACT-
BEHHbIX 3KCMEPUMMEHTOB HeobXoAMMO NpeaBapuUTeNbHO
M3yunTb TOT NPOM3BOACTBEHHbIM (POH, B  KOTOPOM
HameyeHO MNPOM3BECTM W3MEHEHMA TeX WM  MHbIX
(McKomBbIX) MpU3HaKoB.

4, OCHOBHAA YACTb

Lenbio gaHHOM paboTbl ABNseTca pa3paboTka ynpo-
LLLEHHOro U B TO e BpemaA LOCTaTOYHO HaAEeMHOro 3KC-
nepuMmMeHTa npu WUCCAeLOBaHUN TEXHONOTUKU MPOKATKU
TPy6 B MPOM3BOACTBEHHbIX YCNOBUAX Ha npumepe TMNA
400 PycTaBCKOro metansyprmyeckoro 3asoga.

ABTOpamMMn AaHHOW cTaTbM cobpaH ObWWPHBbIA cTa-
TUCTUYECKUIA MaTepuan No AaHHbIM “BefoMocTv U OKOH-
yaTenbHoro ocmotpa Tpy6 OTK” ansa craHa 400 PM3.
PaccmotpeHo 3016 BegomocTei, B KOTOPbIX 0b6be-
AMHeHa pabota 3016 cmeH no ocmoTpy okosio 200 000
Tpyb. Kak noKkasanu csofHble AaHHble, OTHOCUTE/NbHbIE
3HAYEHUSA BbIXOAA NAEHUCTbIX TPYO ANA KaxK[oN cmeHbl
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ABNAIOTCA CAYYaMHbIMW  BEMYMHAMM, XapaKTepusyto-
LWMMMCA HOPMaIbHBIM 3aKOHOM pacnpeaeneHun [4]. Ha
OCHOBaHMM pacyeTa no AaHHbim Bcex 3016 BegomocTenn,
KONMYECTBO TPYD, MOparKeHHbIX NAeHamu, Konebnertcs B
npegenax 0,089 — 0.104, T.e. M3 obuiero KonuyecrTsa
OCMOTpPEHHbIX TPYD B cpegHem 10% oKasanmcb naeHuc-
TbIMU. [ONly4eHHble 3HaYeHUA 3aBblleHbl MPUMEPHO Ha

Ne2 (492), 2014

4 — 5% , TaK KaKk B HWUX BOLWAW Tpybbl, KOTOpble nocne
obpesa M pemMoHTa 6blM NPUHATbI rogHbIMKU. PaboTy
CMeHbl, B KOTOPOWM KO/NMYecTBO TPyD, NOpaxKeHHbIX nie-
Hamu, meHblie 10%, ycnoBHO HasoBem «3ddeKTUBHaA
CMeHa», paboTy e CMeHbl C BbIXOAOM TPYyb ¢ naeHamu
6onbwe 10% - «BbiNagomM». Huxke npuBegeHa NoKasa-
TenbHanA Tab/mua BbIXxoAa NAEHUCTbIX Tpy6 (Tabn.l).

Tabn. 1
Yucno, Konuuectso Tpy6 Konunuectso Tpy6
Ne OueHKa le;}};o, OueHKa
CMEHbI n, n, ny, N, CMeHbI CMe;-H:aI n, n, Ny Ny CMEHbI
[ 452 53 0.117 — [ 471 39 0.083 +
T 1n |31 38 0,12 - 10 |1 | 523 13 0.025 -
m | 7s7 135 0,178 — | 440 13 0.030 +
[ 610 33 0,054 | 546 18 0.043 +
2 |n |e33 66 1,104 11 1y | 430 65 0,151 -
m | 679 55 1,081 m | 599 68 0.114 -
[ 563 78 0,139 - | 471 39 0.083 +
3 1 |es3 44 0,067 + 121y | 523 13 0.025
m | 522 25 0,048 + | 440 13 0.030
[ 491 44 0,090 + [ 403 13 0.032 +
4 1| 704 52 0,074 + 13 1y | 180 8 0.044 +
m | 785 30 0,039 + | 483 26 0.053 +
[ 461 67 0,145 - | 531 20 0.038 +
Sl | 726 62 0,085 + 14 | | 382 21 0.055 +
m | 637 47 0,074 + m | 162 52 0321 -
[ 822 53 0,064 + | 189 5 0.025 +
6 |n | 827 39 0,047 + 5 0y 139 19 0.137 -
m | 7s7 54 0,124 - m | 770 0 0 +
[ 992 52 0,052 + [ 325 14 0.043 +
7 ln | 736 51 0,069 + 16 | | 725 11 0.015 +
m | 482 21 0,044 - m | 461 4 0.009 +
[ 607 25 0,041 | 709 78 0.102 +
8 |n |s75 86 0,150 17 |n | 746 62 0.083 +
m | 614 44 0,073 — m | 765 61 0.080 +
[ 546 18 0.033 | 595 33 0.052 +
9 | |430 65 0.151 26 |1l | 421 110 0.261 -
m | 599 68 0.114 + | 728 82 0.113 -
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B Tabnuue 1 paetca yacToTa MOABAEHUA COObITUM,
npuuem NpuHATLI cieaylowme obosHaveHua: 1. «adek-
TUBHAA cmeHa» o6o3HayeHa 3Hakom (4); 2. «BbiNag» -
3HaKom (- ); 3. KosnMyecTBO TPYO B CMeEHe - n; ; 4. Ko-
Nunuectso Tpy6 ¢ naeHamu - n,.

MonyyeHa KapTMHA HEKOTOPOW 3aKOHOMEPHOCTU Ye-
penoBaHuUA 3TUX COBLITUIA - 3aKOH MX pacnpeaeneHus. 3a
10 mecaueB M3 obuiero umcna paboumx cmeH (909)

Ne2 (492), 2014

P,y =687/909=0,756.

PaccmoTpum noseneHne «3PpPeKTUBHOM CMeHbI» Ay
no cneaywwWwUmMm npusHakam: o0603HaYMM KO/NMYECTBO
eOMHUYHBIX «3PPEKTUBHBIX CMEH», T.e. A0 W nocne
KOTOPbIX NOABAAIOTCA «BbiMNagbl» CUMBOMOM — A;; KONU-
yecTBO [ABYX «30(EKTUBHbIX CMeH» noapas -—A,,
Tpex —Asun T.4.

Hu)Xe npusBoanTCA NOKasaTenbHaa Ta6m4u,a pacnpe-

OKazanucb «3ddeKTMBHbIMMY 687, T.e. BEPOATHOCTb  nefeHMA YacTOCTM NOABAEHUA COBbLITUA «3PPeKTUBHaA
nossneHna «adpdeKTMBHOM CMeHbI» paBHa cmeHay (Tabn.2).
Tabn. 2
A)(i Al AZ A3 A4 AS AG A7 A8 A9 AlO All AlZ A13 A14 A15 A16 AZG
Cnyyau a¢. 47 34 11 14 13 |9 2 4 5 7 3 3 1 2 2 1 3
Bcero cmeH 47 | 68 | 33 56 |65 |54 |14 (32 |45 |70 33 36 13 30 48 17 26
B COOTBETCTBMW C MPUHATBIMW NPU3HAKaMKU AnA Kak rosopunocb paHee, BEPOATHOCTb MOABAEHMA

HarnAgHOCTU MOCTPOeH rpaduk pacnpeseneHus Yyacrto-
TV noasneHnn «3pPeKTUBHbIX cmeH» (puc.1).
YCTaHOBMM rpaHuLbl A1A CPegHero 3HaveHus B o0bLwen
COBOKYMHOCTU MO €ro 3Ha4YeHUsIM B YACTHOW COBOKYM-
HOCTK. Bbibpas 5% -Hblli ypoBEHb 3HAYMMOCTM NPU YnCNe
cteneHei csoboabl /(n-1)=10-1=9/, MOXKHO yTBEP}KAATb,
yto c BeposTHocTbto 0.95 cpeaHee 3HAYyeHWe BbIXOAa
TPy, nopakeHHbIX naeHamu, B 06LWEeln COBOKYMHOCTU
HaxoamTca mexay rpaHmuamm 0.0894 —0.1106.
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«3pdeKTBHOW CmeHbI» P,y =0,76, M3 uero, ogHako,
MOXHO 3aK/IOYMTb, YTO Hayrag, B3ATaa cMeHa bygeT «ad-
deKTUBHOM» C TOM Ke BepoATHocTbio P, =0,76. Beposart-
HOCTb NMoABNEHUA ABYX «3dEKTUBHbIX CMEH» noapsas P,
=0,70 13 TOro pacyeTa, YTO B HEl y¥Ke y4acTByeT BeponT-
HOCTb MNOSBNEHUA eAUHUYHON «IDPEKTUBHOM CMEHbBI»
(cm. Tabn.2), uto cneayeT U3 HUXKENPUBEAEHHOTO pacyeTa:

I
|
|
| |
| |
| I
I I
5 1

I
|
|
|
|
|
| |
I i1

456789

|
0111213 1415 16 17 18 19 20 21 22 23 24 25 26

Puc.1 I'paduk pacnpeaeneHms 4actoctu nonsneHunsn cobbiTua «3dpdeKTuBHaA cMmeHa»

P,= (687 —47)/909 = 0,701.
MpoBoAA aHaNOrMUYHbIE PacyeTbl, NoayYam:
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P,= [687-(47+68)]/909 = 0,628; P;= 593; P,= 593;
Ps= 0.531; Pe¢= 460; P;= 0.400; Pg= 0385; Py=350;
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Po=0.300; P4;=0.223; P,=0.187; Py;3=0.147; MeTaNNypruyeckoro KombuHaTta, nosy4aem [A0CTaToud-
Pis= 0.133; P15= 0.100; P1g= 0.047; P5s= 0.029. HYylO AN MPOM3BOACTBEHHbLIX YCNOBUA [AOCTOBEPHOCTb

Mcxoma M3 9TMX  pacyeToB, MOMKHO  3aKAKOUMUTDL: akcnepumeHTa P=0.813. Takaa 4OCTOBEPHOCTb 3KCNepu-
NpPoBOAA 3KCNEPUMEHT B TeYEHWEe OAHOW CMEHbI, U MeHTa nonyyaeTca Npu NpoBeneHMU ero B TeveHue 12
3aBeOMO 3Has, YTo Cc BeposATHocTbio 0.76 oHa byaer CMeH noAapsf C MOCTOAHHbIM BbIXOAOM «3¢hdeKTUBHOM

«3ddeKTUBHOM», NONYYEHHbIE BCNEACTBME SKCNEPUMEH- CMEHbI».
Ta WCKOMble pe3ynbTaTbl ByayT AOCTOBEPHbI C HW3KOM
BeposATHoCTbo P=1—-0,756=0.244. JIUTEPATYPA
JocToBepHOCTb 3KcnepumeHTa 6ypeT Bo3pactaTb C 1. Nanaea K.l., A.U. Tytbepngze A.U., Okneit 1.H. Kp-
yBe/NIMYEHNEM KONNYECTBA CMEH Caeayowmnm obpasom: TepuU HaAEeXHOCTU 3SKCMepMMeHTa npu wuccaeno-
P,=1- 0,756=0.244; P,=1- 0,704=0.296; P3;=1- BaHMM KavectBa Tpy6 // Coobuienna AH T'CCP, #3,
0,628=0.372; P,4=0.407; Ps=0.469; Ps=0.540; P,=0.600 1974, c. 645-647.
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ON THE METHODS OF PLANNING A RELIABLE EXPERIMENT IN PRODUCTION CONDITIONS
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Department of metallurgy, materials science and metal working, Georgian Technical University, 69, M. Kostava str,
Thilisi, 0175, Georgia

Resume: There have been developed the methods of planning a reliable experiment for mass production condi-
tions on the basis of mathematical statistics.
According to the methods evolving; reliability of the oblained results will have a fully high (P=0,8) probability.
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COMPETITION POLICY OF ECONOMIC SUBJECTS AND ITS ROLE IN DEVELOPMENT ECONOMY OF
COUNTRY

G. Tkeshelashvili, A.Mebonia
Department of transport and mechanical engineering, Georgian Technical University, 68°, M. Kostava str, Thilisi, 0175,
Georgia

Resume: There is considered the role of a competition policy in economy development, essence of the competi-
tion, its main purposes and problems, difficulties connected with their achievement. There are planned certain ways
for the solution of these tasks.

Key words: competition; market; business.
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KOHKYPEHTHAA NO/IMTUKA SKOHOMUYECKMUX CYBBEKTOB U EE POJ1b B PA3SBUTUU
9KOHOMMKU CTPAHbDI

Tkewenawswunu .B., MeboHus A.C.
[enapTaMeHT TpaHcnopTa M MAWMHOCTPOEHUS, TPY3UHCKUIA TEXHUYECKUI yHUBepcuTeT, Mpy3ua, 0175, Tounucwm, yn.
M. KocTasa, 68°

Pe3tome: PaccmoTtpeHa ponb KOHKypeHTHOVI NONMNTUKKU B Pa3BUTUN 3KOHOMUKU , CYWHOCTb KOHKypeHUWu, ee
OCHOBHbIE Lenn U 33a4auu, TPYLAHOCTWU, CBA3AHHble C UX ocyliecTBaeHMem. HameueHbl onpegeneHHble nyTn ana
peweHnAa 3TUX 3a4au.
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MANY-COMPONENT NUTRITIVE-MEDICAL PRODUCTS RECEIVING IMPROVEMENT WAYS FROM

VEGETABLE RAW MATERIALS

T. Megrelidze, V. Gvachliani, G. Gugulashvili, E. Sadagashvili, B. Gvachliani
Department of food industry, Georgian Technical University, 68°, M. Kostava str, Thilisi, 0175, Georgia

Resume: There is considered the existent technology of produce the many-component nutritive-medical vegeta-

ble products. There is indicated, that for quality increase of final product, is better all components simultaneous re-
make in smasher-crusher and fixation machine. For this, there is given the new packer equipment of smasher-crusher
and fixation machine and its productivity determination method.

Key words: components; raw materials; quality; fixation; smasher-crusher.
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K BOMPOCY YCOBEPLUEHCTBOBAHUA CNOCOBA NONYYEHMA MHOTOKOMMOHEHTHbIX
NEYEBHO-NMULLEBbBIX PACTUTE/IbHbIX MPOAYKTOB

Merpenunpse T.4., lBaunuanu B.B., lN'yrynawsunu I'J1., Capgarawsunu 3.3., l'eaunnauun b.B.
JenapTameHT NULLEeBO MHAYCTPUN, TPY3UHCKUI TEXHUYECKNI yHuBepcuTeT, Ipysua, 0175, Tounucu, ya. M. Koctasa, 68°

Pe3slome: PaccmoTpeHa cyliecTByloWas TEXHONOMMA MPOM3BOACTBA MHOMOKOMMOHEHTHbIX JledebHO-NMLLEeBbIX
pacTUTENbHbIX MPOAYKTOB. MOKa3aHO, YTO ANA MNOBbIWEHWA KayecTBa KOHEYHOro Mpoaykra Haubosnee npuemsiema
coBMeCTHasA nepepaboTKa BCEX KOMMOHEHTOB B MalUMHE AN MATUA-M3MENbYeHUA U GuKcaummn. C 3TON Lenbio npea-
JIO’KEHO NUTAIoLLEE YCTPOMNCTBO MaLLMHbI MATUA-U3MENbYEHUA U DUKCAUUK U NPUBEAEHa METOAMKA OnpeaesieHns ee
NPOVN3BOAUTENLHOCTMU.

Knwouesble cnosa: KOMMNOHEHTDI; Cbipbe; Ka4eCTBO, d)MKcaLI,MFl; MATUNEe-n3menbyeHue.
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UDC 621.56
INFLUENCE OF OZONE CONCENTRATION IN THE AIR OF REFRIGERATION CAMERA AND ACTION
CONTINUANCE ON FRUITS AND VEGETABLE COOL KEEPING PROCESS

T. Megrelidze, G. Megrelidze, R. Gakhokidze, V. Talakvadze, G. Basiladze

1Department of food industry, Georgian Technical University, 68b, M. Kostava str, Thilisi, 0175, Georgia
2Department of chemistry, Iv. Javakhishvili, Thilisi State University, 3 I. Chavchavadze avenue, Thilisi, 0128, Georgia
3G. Zhvania pediatric academic clinic, 21 Lubliana str, Thbilisi, Georgia

Resume: There is considered the influence of products cool keeping process from the air of refrigeration camera
ozone concentration and action continuance. For potato and carrot cool keeping regimes additional criterion exposure
there were studied some micro and macro elements depending on temperature and humidity. There is established,
that with vegetable products ozone elaboration is possible to increase their keeping continuance about 2 times.

Key words: refrigerator air; ozone concentration; cool keeping; regimes; elements.

VK 621.56

BIMAHUE KOHLUEHTPALIMU O30HA B BO3AYXE XONO4U/IbHOWU KAMEPBI U
NPOAO/MTKUTENBHOCTU EFrO BO3AENCTBMUA HA NPOLLECC XONOAUTbHOIO XPAHEHUA
®PYKTOB U1 OBOLLIEN

Merpennpase T.1., Merpennase I.T., Faxokupse P.A., Tanaksaase B.B., bacunagse I''J1.
1,£|,enapTalv\eHT NULEBOM MHAYCTPUK, TPY3UHCKUI TEXHMYECKUI yHMBepceuTeT, Mpy3na, 0175, Tounucn, yn. M. Koctasa, 68°
2,D.enapTaMeHT XMMWUK, TOUIUCCKUI rocyAapCTBEHHbIN YHUBepcUTET M. MB. OxkaBaxuwsunu, pysua, Touaucn, 0128, np.
M. YaBuaBaase 3

3AKa,CI,eM1/|t4eCKa$| KAMHWKA neguatpum um. . Xeanus, Mpysua, Tounucu, yn. lobnsauel 21

Pe3tome: PaccmoTpeHbl pesynbTaTbl UCCNEA0BAHWUA BMAHUA KOHLEHTPALWMM 030HA B BO3AYXE XOJA0AM/IbHOWM
Kamepbl U NPOJOIKUTENBHOCTM €r0 BO3AEMCTBUA Ha NPOLECC XON04UNbHOIO XpaHeHWs HEKOTOPbIX BUAOB GPYKTOB U
oBowei. C uenbio BbIABNEHUS LOMNONHWUTE/NbHBIX KPUTEPUEB PEXMMOB XONOAWUNLHOIO XPaHEHWA KapTOWKU U
MOPKOBM, BbINN M3yyeHbl M3MEHEHWA HEeKOTOPbIX MUKPO- M MaKpPO3/1EMEHTOB B 3aBUCMMOCTM OT TeMnepaTypbl U
BNIAYKHOCTU XONOAMNBbHOW Kamepbl. YCTaHOBJEHO, YTO B pexkuMme 06pabOTKM 030HOM PaCTUTENbHbLIX MPOAYKTOB
Heobxoaum guddepeHuManbHbil nogxod. MpPoaoNKUTENbHOCTb XPaHEHUSA GPYKTOB C MaKCMMasbHbIM COXPaHEHMEM
WX MATKOTO apoMaTa BO3MOMKHO yBEAUYUTb NPUBAN3UTESIbHO B ABa pasa.

Kniouesble cNoBa: xo0/104M1bHbIN BO34YX; KOHLEHTPaLMA BO34YXa; XO/0ANIbHOE XPaHEHWNE; PEXKMMbI; 3/IEMEHTbI.

domgdamos sbsdgdwse 13.03.14
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THE KINETICS OF THE EXTRACTION PROCESS WITH THE COGNAC ALCOHOL EXPOSURES IN

OAK BARRELS
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Resume: There is discussed the physical model of the diffusion process with cognac alcohol exposure in oak bar-
rels. There is obtained exponential equation of extraction process.
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UDC 72
TBILISI’S ARCHITECTURE ON THE EDGE OF XIX-XX CENTURIES

T. Kutateladze, G. Bagration-Davitashvili
Department of theory and basis of architecture, Georgian Technical University, 68b, M. Kostava str, Thilisi, 0175, Georgia

Resume: XIX century Thilisi dwelling-house is merger of various traditions. Obviously, this is not the mechanical
sum of the different forms: received from Russia, completely formed, canonized forms are not added to local cano-
nized forms. Here they were met by local conditions, local alive traditions and evolution of combination process with
recently received gave us new forms. That's why the XIX century dwelling-house in Thilisi, as well as in other cities of
the houses of that time, we can consider as a certain stage of Georgian architecture.

Key words: dwelling-house; town-planning; classicism; monumentalism; modernist style.

YAK 72
APXUTEKTYPA TBU/IMCU HA PYBEXKE XIX-XX BEKOB

Kyratenapse T.I., barpatnoH-Aasutawsunu . H.

[JenapTaMeHT OCHOB U TEOpUM apXUTEKTYpbl, TPY3UHCKUI TexHUUYecknin yHusepcuteT, Fpy3ua, 0175, Téuauck, yn.
6
M. KocTasa, 68

Pe3stome: T6unmcckuin kmno gom XIX BeKa ABAAETCA UTOTOM CAUAHUA PA3IMYHBIX TPAgULMIA. ITO He ABAAeTCcA
MeXaHMYeCKON COBOKYMHOCTbIO Pa3HOObOpasHbiXx Gopm: 34ecb He MPOM3OWIO0 CAMAHME npuweawnx us Poccum
KaHOHM3UPOBAHHbIX GOPM C MECTHbIMM, TaKKe KaHOHW3MPOBAHHbIMW GOPMamM, 34eCb CbirpPasn Posb MECTHble
YCNOBUA, UBble MeCTHble TPaguLMK, 3BOMIOUMA KOTOPbIX B MNpoLecce CAMAHUA C HOBbIMM dopmMamu co3pgana
KAYeCTBEHHYIO apXxuTeKTypy. Moatomy Tbunumcckoe xuauwe XIX BeKa, Tak Ke Kak B Apyrux ropogax [pysuu Toro
nepuopaa, Haa4o cYUTaTb onpeaeneHHbIM 3Tanom Pa3BUTUA FPY3UHCKOro 3044eCTBa.

KntoueBble cN0Ba: xunuile; rpagocTponTeNbCTBO; KNAaCCULU3M; MOHYMEHTaNbHOCTb; MOZEPH.
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1. KapmuHckuit A.B., YepHukos B.B. Unpopmaumonnblie 4. BeHapos A.M. CASE-TexHonoruu. CoBpemeHHble MeTo-
cucTeMbl B 3KOHOMMKe. YacTb 2. MpaKTMKa mMcnonb- Abl N CpeACTBa NPOEKTUPOBaHUA WMHGOOPMALMOHHBIX
30BaHMA. M.: DuHaHCbI 1 cTaTUCTMKa, 2006.- 238 cTp. cuctem. MockBa: PUHAHCbI U CTaTUCTMKA, 199.-176 c.

UDC 339.92

EFFICIENCY OF AUTOMATIZATION IN THE SCOPE OF PRODUCTION

A. Kobiashvili, N. Pailodze, K. Ramazashvili
Department of business administration, Georgian Technical University, 77, M. Kostava str, Thilisi, 0175, Georgia

Resume: There are considered estimation criteria of efficiency of automatization in the scope of production. The
ways of provision the high quality of output are shown. The rates of system and operational efficiency of production
are given. The ways of accomplishing the operational efficiency in the working process are analyzed. Necessary rec-
ommendations for assurance of these rates for experts are given.

Key words: automatization of production, system efficiency, operational efficiency.

Y/IK 339.92
3®OEKTUBHOCTb ABTOMATU3AL, MU B COEPE MPOU3BOACTBA

Ko6buawsunu A.A., Maunoase H.P., Pamaszawsunun K.T.
[JenapTamMeHT agMUHUCTPUPOBaAHMA BUsHeca, FPY3UHCKMIA TeXHUYECKuid yHuBepcutet, Fpy3sua, 0175, Téunucn, yn. M.
KocrtaBa, 77

Pe3tome: PaccmoTpeHbl KpUTepun oueHKU 3PPEKTUBHOCTM aBTOMaTM3aumMK B chepe npoussoacTsa. MokasaHbl
cnocobbl obecneyeHuWs BbICOKOrO KayecTBa BbiMyCKaemoW MpoAyKuuu. [aHbl MoKasaTeNM CUMCTEMHOW U onepa-
LMOHHOW 3pPEKTUBHOCTM NPOM3BOACTBA. [1pOaHaNN3NPOBAHbI CMOCOObI AOCTUKEHMA ONepaLnoHHOM 3dGEKTUBHOCTH
B npouecce npousBoAcTBa.[laHbl HeobxoauMMble pPEKOMeHOALUW A/ 3KCMepToB A/ obecneyeHus [aHHbIX

nokasartenei.

KnioueBble cn0Ba: aBTomaTM3aLmMA NPON3BOACTBA; CUCTEMHan 3GGEKTUBHOCTb; onepaumoHHan 3GpPeKTUBHOCTb.

domgdaeos sbsdgdwse 19.03.14
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NMCCNEAOBAHUE OBJTYYEHHbIX BbICOKOSHEPTETUMECKUMU NPOTOHAMM KPUCTAN/10B

n-Si METOAOM ®OTO-XO/I1 — IPDEKTA

T.A. Naraea, H.N. Maiicypaase, M.I. bepuase, U.I. Kananaapse, H.A. 3cnasa
[enapTameHT UHKeHepHoW GU3NKK, TPY3UHCKUIA TEXHUYECKUI yHUBepcuTeT, Mpy3na, 0175, Tounucn, yn. M. Koctasa 77

E-mail: tpagava@gtu.ge

Pe3stome: Vccnepyemble 06pasibl MOHOKPUCTaNIOB
n—Si o3 3
06/1y4anmcb NPOTOHaMK ¢ aHeprmen 25 MsB npu 300K .

Ona
a¢ddeKTa. B 061yyeHHbIX 06pa3yax Habarogaetca aHomanb-

C KOHLLEHTpaLLMeVI 3/IEKTPOHOB N =6-1

uccnefioBaHuA  nNpumeHanum  metog,  ¢oto-Xonn-
HO BbICOKOE 3HayeHWe XONNOBCKOW NOABUMKHOCTM SNEKTPO-
HOB, YTO 06bACHAETCA 06pa3oBaHNeM B 06beme KpucTanna
BbICOKOMPOBOAALLMX BK/IHOUEHNIA C OMUYECKMM NEPEXOA0M
Ha rpaHuUe Cc MaTtpuuei Kpuctanna. [pu HeKoTopbIxX
TemnepaTtypax M30XPOHHOrO OTKMra Habnogaetca aHo-
Ma/IbHO BbICOKOE paccesHMe 3/1eKTPOHOB, KOTOPoe YMeHb-
laeTca MoHoxpomaTtuyeckon MK noacseTKoi 3adaHHOM
3Heprmun. [loacBeTKa AEUMOHU3UPYET 3MEKTPOCTaTUYECKM
B3aMMOENCTBYIOLLIME BTOPUYHbIE FYBOKMNE LIEHTPbI, KOTO-
pble 06pa3sytoTcA B NPOLEcce M30XPOHHOIO OTXUra BOKPYT
MEeTa/IMHYECKMX BK/OYEHMI N 3KpaHUPYIOT UX. MoKasaHo,
yTo 3KpaHupyloWMMK dedeKTamu, KoTopble obpasyroTca
BOKPYr MeTaNIMYECKMX BK/KOYEHUI B NpoLecce U30XPOH-
HOrO OT}KMra, ABNAOTCA B OCHOBHOM A — U E — LLEHTPbI.

KntoueBble €NoBa: BbICOKOIHEPreTUYECKME NPOTO-
Hbl; meToa poTo-Xonn-apdekra; UK noacseTka; A—u E—
LLEeHTpPbI.

1. BBEAEHUE
MocraHoBKa 3aaaun

B pabote [1] noKasaHa 3aBMCMMOCTb pPa3MepoB U
KOHdUrypauuii pasynopagodeHHbix obnacteir (PO) ot
3HeprMm NepBUYHOrO BbIBUTOrO aToma B Kpuctannax Si. U3
3aBMCMMOCTM YMC/Ia B3aMMOALEMNCTBUIA OT SHEPTMKM NPOTOHA

61

cnefyet, 4to nNpuMpoda BONbLUMHCTBA B3aMMOLENCTBUIA
KY/JIOHOBA M B 3TUX YC/MOBUAX NPEUMYLLECTBEHHO 0bpa-
3YlOTCA U30/IMPOBAHHbIE TOYEYHbIE PaZiMaLMOHHbIe aedek-
Tol (PA). Korga sHeprua otgauv npesbiaeT ~ 2K3B, B
Kpuctanne ob6pasyroTcA OAHOKacKagHble uAM  cybkac-
KagHble paspyleHna. C pocTom 3Heprm npoToHoB (& =
20 Ms3B) cybKackagHble paspyLleHUs CTAaHOBATCA MHO-
rOKacKagHbIMMU, obpasytoTca
obnactu (PO).

Aiapa PO cocToAT U3 BaKaHCWUA, AUBAKAHCUI U pa3/iny-
HOro poJa BaKaHCMOHHbIX acCOLMATOB, @ B GOPMUPOBAHUM
nx nepudepun (060104KKM) yyacteytoT fedeKTbl TMNa Npu-
MeCb + BaKaHCKA.

PO B Kpuctannax n—Si XapaKTepusylTca NpoBoau-

T.e. pasynopagoyeHHble

MOCTbIO p — TWNA, @ B KpUCTannax p — Si n— Tvna,

T.e. OHW ABAAIOTCA AMINEKTPUYECKMMU BKAKOUYEHUAMMU U
BbI3bIBAOT yMeHblUeHWe 3(GGEKTUBHOrO 3HayeHus Xos-
JIOBCKOW MOABUMNKHOCTU Moy KK B obnactn ¢$oHOHHOro

paccesHnsa, Tak U B 0B1acTU PacCesHUA Ha 3apAMKEHHbIX
pedekrax [2,3,4,5,6].

ABTOpamn pabot [5,6] 6blN0 BbiCKa3aHO npeanono-
KeHue, yto fapa PO cocToAaT n3 cOBCTBEHHbIX MEXKY3€/b-
HbIX aTOMOB.

B pabotax [7,8,9] aKcnepnmeHTaNbHO A0Ka3aHo, YTO B
Kpuctannax n— Si, 0b6Ay4eHHbIX NPOTOHAaMWU C SHepruen
25 M3B, npeumyuiectBeHHO 06pas3yrOTCa MeTaIMdyeckme
BK/IIOYEHMA C OMUYECKMM NEPEXOAOM Ha rpaHuLLe pasgena
C MaTpULEen NoNynpoBOAHMKA, YTO MPUBOAMT K aHOMa b~
HOMY YBE/IMYEHUIO L4, . B MpoLiecce N30XPOHHOTO OTXKMra
(MO) BOKpYr MeTanIMYecKux BK/OYEHUIN (KoTopble mno-

BUAVMMOMY, SBNAIOTCA CKOMNEHWUSMM MEXKY3E/bHbIX aTo-
MoB) 0bpasyeTca HenpospayHas n4/1f 31EeKTPOHOB Mpo-
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BOAMMOCTM 000/104Ka M3 OTPMUATENbHO 3aPAMKEHHbIX
aKUENTOpHbIX  PaAuauMOHHbIX  aedektoB P, uem
OBDBACHAETCA PE3KOe YMEHbLUEHWE i, NOCNe OTKMra

T

0
wan =110°C wnnn B npouecce

061y4eHHbIX 06pa3yoB Npu

eCcTecTBeHHOro cTapeHua B TedeHwue 30 cyTok npu 300K .

B pabote [9] BbICKazaHO NpeanosioKeHUE, YTO B
obnactm Bblcokux Temnepatyp (300-200K ) 3a 3Kpa-
HMPOBaHWE META/INYECKNX BKIHOYEHUI OTBETCTBEHHDI
E —ueHTpbl. Mpy HU3KMX TemnepaTtypax Kpome FE—
LEHTPOB Takke A — LEeHTPbl, KOTOpble HauyuMHaloT 3aps-
200K . E —ueHtpos

KaTbCA MNocne oTxura

(T,

Temnepatypax (< 200K ), No-BUAMMOMY, COCTOUT TOJIbKO

HUXXe

=160°C) 3KpaHupyoLWwaa 060/M104Ka NPU  HU3KKX

nn

M3 OTpUUATeNbHO 3apssKeHHbix A —ueHtpos. Cneayet
OTMETMUTb, YTO B CUJIY KY/IOHOBCKOTO MPUTAXKEHUA MEeXay
NONOMKUTENbHBIMKM aToMamu docdhopa 1 OTPULATEbHBIMM
BaKaHcMAMM 3pdEeKTUBHOCTU BBEAEHUA A-LieHTpoB 77, W E-

LEHTPOB 77 B HALIMX YC/NOBUAX, KOFAA KOHLEHTpauus
KMCNopoda Ha ABa MopAfKa MPeBbIaeT KOHLEHTPALMIo
docdopa, noytn pasHsl - 77, = 17, [10,11].

Ecav B aTmochepe BOKPYr METa//IMHECKUX BKAOUYEHMIA
AevicteuTtenbHo obpasyiotca A— u E—ueHTpbl 1 ecan
WMEHHO OHM OTBETCTBEHHbI 33 PE3KOE YMEHbLIEHNE [ly;

3/71EKTPOHOB B KpUCTannax n — Si , 061y4eHHbIX NPOTOHaMM
C 3Heprven 25 Ma3B, TO MCNob3yss MOHOXPOMATUYECKYHO
CEe/IeKTUBHYIO MOACBETKY, MOMHO CyLLECTBEHHO MOBAUATH
Ha BuA KpuBol g (T) nyTem AenoHMsaumun onpepge-
JIEHHOTO YMCNA 3TUX LLEHTPOB.

Llenbto faHHOW paboTbl ABNAETCA M3ydYeHWe BAUSAHUA
cenekTMBHoro ¢otoBo3byKaeHua ¢ nomowbto MK noac-
BeTKM Yyacth A— n E—ueHTpoB Ha Hey  MICCNEAYEMBIX

ob6pasuax.

2. OCHOBHAA YACTb
OKcnepumeHT
[ns vccnepoBaHva Hamu BblAM MCNOAB30BaHbI MOHO-

Kpuctannbl n— Si, nerMpoBaHHble GochopPom, C KOHLEHT-

paumeint 31eKTPOHOB N=6-10"%cn>. Kpuctannbl 6bian

noJsly4eHbl MeToA0M 30HHOM nnaBKkKU. COOTBETCTBEHHO

3

KOHUEeHTpauma kucnopoga Ny zlolécM_; NAOTHOCTb

o 3 4 2
pocTtoBbIX Ancaokaumii Np ~10° =107 cm . Yactb mccne-
Ayembix 06pa3sL,oB 061yd4anach TONbKO NpoToHamu 25 MaB

(no3a @ = 8,1~1012 om? ); onpeaeneHHas YacTb 0bpasLos

cHavana HeBoMbLIMMM A03amu npoToHos (@ ~ 10 cn™)

’

a 3aTem 3/71eKTpoHamm 2 MaB (posa @ = 104 cn? ).
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[Nna vsydeHna ponn gevmoHusaumm rayboknx LLeHTpoB
Ha [r Mbl MCNONB30BANN METOZ, ¢doTo-Xonn-apoekra;

3/1EKTPOHBI C YPOBHEN AaHHOrO TUNa BO36Y:KAa/NUCh B 30HY
NPOBOAMMOCTN CBETOM C MOMOLLbIO MOHOXpomaTopa UKC-
21. UK cBeT OT 04HOro MOHOXPOMATOPA OCBELLAN TO/bKO
onpeaeneHHy YacTb Uccnegyemoro obpasua. Aaa ycune-
HUA apPeKTa Mbl OCBELLAIN KPUCTANI U3 ABYX UCTOYHMKOB
TakMM 06pasom, 4YTobbl OHWM He NepeKpbiBaAn Apyr-gpyra.
YpoBeHb MHKeKUMU doToHOoCUTeNelr He npesbiwan ~ 3%.
TemnepaTypHble 3aBUCUMOCTU N, p W [,z UCCNE[O0Ba-

nncb B nHTepBane T =77 +300K ; N uamepanm KomneH-
CaLMOHHbIM MeToAOM B MarHuTHom none H =10k0; p
M3MEPANN ABYX30HAOBbIM METOLOM; XONN0BCKUI aKTop
MPUHUMA/ICA PABHBIM EANHULE. [,z BbIMUCISIN MO GOp-
myne ,uef]:l/enp, roe e—3apsag, sNeKTpoHa, p — yaenb-
HOe conpoTuB/eHWe uccaeagyemoro obpasua. C Lenbio ocy-
LLECTBNEHNA MEPECTPOMKM aTMOchepbl ToYeYHbIX AedeK-
TOB, 00PA3YHOLMXCA BOKPYr METANIIMYECKUX BKIOYEHUN,
NPUMEHSANCA W30XPOHHbLIM oTkuUr MO B  WHTepBane
80+550°C, warom 10°C ¢ OX/IaXKAeHMEeM 33 Bpems
<10cex;
nepatype 10 MuH. MorpeLwHocTb U3MePEHNA STUX BESUYMH
He npesbiwana 10%.

BPeMA BbIAEPKKM NpU PUKCUPOBAHHON Tem-

Pe3ynbTaTtbl UccnepoBaHUi U X 06CyKaeHNe
Ha puc.1 npeacraBneHbl 3aBUCHMOCTU N:f(IO3 /T)

B McxogHOM Kpuctanne (Kpuaa 1) nocne obaydeHus
npoToHamu 25 MaB uHTerpanbHbIM NOTOKOM 8,1~1012 om?
(KpuBas 2), a TakKe nocne oTKUroB 0baydeHHoro obpasua
npu Temnepatypax 110, 160 un 380°C (kpuBble 3, 4, 7
cooTBeTcTBEHHO). KpmBas 2 Ha puc.l cooTBeTcTBYET Ae-
beKTy aKUenTopHOro TUMA C  3Heprver  MOHWU3aLMUK

E,—0,38+0,01 3B, T.e. auBaKaHcuam [12].

Kak wnssecTHo [13], sHeprua 3anekTpocTaTM4ECKOrOo
B3aMMO/ENCTBMA 3NEKTPOHOB B LieNoYKe «060pBaHHbIX»
CBA3ell Ha AUCIOKaLMAX 3aBUCUT OT UX 3aMONHEHUA U
MOKET BbITb NPefCcTaBNeHa BblpaKeHeM

eg(F)= f.&)[(3/2)In(f/ f.)—0.8666, (1)

roe & =e2/5cz0,5 3B ana Si, F— ¢yHkuma depmu,
f.=crn(N;—N, —n)]"* - creneHb 3anonHenus «o6o-
pBaHHbIX» cBA3eN Ha gucnokaumax, N; n N, — KOHUeH-
Tpauma [OHOPOB M aKLENTOpPOB COOTBETCTBEHHO, e-—
3apAf  3/71eKTPOHa, npoHuLae-
MOCTb, ¢ — PacCcTOAHUA Mexdy 0BopBaHHbIMU CBA3AMM,
KOHLIEHTPaLMA 3/1eKTPOHOB B 30He MPOBOAUMOCTM
nocne gebopmaLum 1 oTKUra.

£ — AN3N1eKTpnYyecKaa

n—
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Puc.1. TemnepaTtypHaa 3aBUCMMOCTb KOHLLEHTPaLUKN 3/1IeKTPOHOB
B Kpuctannax 71 — Si, 06nydyeHHbIXx npoToHamm 25 M3B npu 300K:

1 - po o6nyueHus, 2 — nocne o6nyuenns posoii O =8, 1- 1012 cm’

’
3,4,7 — nocne omxura npu 110, 160 n 350°C COOTBETCTBEHHO, 5,6 — npn
noaceeTke kpuctannos UK ceetom c aHeprueii potoHos 0,44 n 0,17
3B, oTOXKKeHHbIX npn 110 n 160°C cooTBeTCTBEHHO

Ecam ¢ cousmepumo cg (paccTosHMem mexay Kom-
naeKcamu B NpMMecHoO-AedpeKTHON 060104Ke BOKPYr me-
Ta/IMYECKMX BKKOYEHWIA, KOTopble 0bpasytloTca B Kpuc-
Tannax n—Si B Npouecce BbICOKO3IHEPreTUYeCcKoro ob-
NydeHus), To, npeHebperas BTOPbIM YeHOM B CKOBKax
BblpaxkeHua (1) M NpUMeHAA 3TO BbipaXkeHue AnAa at-
mocdepbl KOMMAEKCOB, nonyunm &g = 0,03 3B. OgHako,
TaK KaK cTeneHb 3ano/iHeHUA FNyBOKMX LEeHTPOoB B aT-
Mocepe BOKPYr MeTaN/IMYECKUX BKOYEHWUI f; CTpe-

MWUTCA K eanHuue, HeobxoaMma nepecTpoika camoit at-
Mocdepbl BOKPYr BKAHOYEHMI, MPUYEM 3HEpPrusa B3au-
MOZENCTBUA MOXKET AOCTUraTb BEAMUMHBI &g & fr &),

COM3MEPUMON C 3Heprven MoHM3aLUUKM TNyBOKUX KomM-
nekcos (~065 3B). dnekTpocTaTMyeckoe B3ammomenc-
TBME MOMET YBE/IMYNUTb UM YMEHbLLUUTb SHEPTUIO UOHW-
3aUMKM LLEHTPOB, TaK KaK B WcCiedyemblx KpucTannax
n—Si, NOMMMO OTPULATENbHO 3aPAMKEHHbIX aKuen-
TOPHbIX PagMaumMoHHbIX aedekTos (PL), npucyTcTByIOT
TaKXKe MONOMKMUTENbHO 3apAXKEHHble aTOMbl AOHOPHOWM
npumecu. Kpome 3Toro, sHak B3aMMOLENCTBUA MeXAOY
OTPULLATENBHO 3aPAMKEHHbIMW PasAnYHbIMKM PL, KOTO-
pPbIM COOTBETCTBYIOT Pa3/iMyHble YPOBHW, 3aBUCUT OT
HanpaB/ieHWA CMMHA 3/1EeKTPOHOB, 3aXBAYeHHbIX aKuen-
TOPHbLIMW LEEHTPAMM.
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MpoToHHOEe 06/1ydeHVe yBENNYMBAET AOMIO INEKTPO-
CTaTUYeCKM B3auMmogeincTByloWwmx UeHTpoB (A-, E-
LLeHTPOB, AMBAKaHCUA U T.4.), TaK Kak CO34aeT nepsuy-
Hble AedeKTbl, pacnosioKeHHble BAONbL TPEKOB npobera
NPOTOHOB, M CMOCO6HblEe KOHAEHCMpOoBaTbCA C 06paso-
BaHWEM 6/IM3KO PaCcMONOMKEHHbIX BAaKaHCUOHHbIX KOMI-
NeKcoB u Knactepos [11].

Mocne omkura T, =110°C HemoHOTOHHan KpuBas
3 Ha pwuc.l cooTBeTCTBYET WCTOWEHUIO A-LEeHTPOB.
SHeprua AeuvoHu3auMu A-LeHTpa M3MeHeHa, YTo CBs-
3aHO C 3/IeKTPOCTATUYECKMM B3aMMOLENCTBUEM MEXAY
3apsaxeHHbiMK P/l [8,13]. Mo-BuaMMOMYy, Koraa sHeprua
3NeKTpocTaTMyeckoro B3aumogenctema ¢&=>0,17 3B,
3/IEKTPOHbI C YPOBHSA, COOTBETCTBYIOLLEIO A-LLeHTpam,
nepexoaAaT B 30HYy NPOBOSMMOCTM Npwu 6Bonee HU3KKX
Temnepatypax, Yem 06bl4HO (puc.1, Kpmeas 3).

B cuay 31eKTpoCcTaTMYecKoro B3auMMOZENCTBMA B
30HY MPOBOAMMOCTM 3/1IEKTPOHbI NEPEXOAAT HE TOJIbKO
u3 A-UEeHTPOB, HO M C bonee rnybokux yposHei. B pe-
3ynbTaTe Yron HakAoHa KpuBolk 3 Ha puc.l ysenu-
UMBAETCA, A KOHLEHTpauuAa 3neKTpoHoB npu 200K
cTaHoBWTCA Bonble pasHosecHoro (9-10%° cm™). Mocne
OEeNOoHM3aLMU A-LLeHTPOB YMEHbLLAIOTCA CU/Ibl 3/1EKTPO-
cTaTMYecKoro B3ammogenctema u npu 250K B 30He
NPOBOANMOCTM OCTAOTCA TO/IbKO PABHOBECHbIE 3/1EKTPO-
Hbl (4-10" cm™). Mpu AanbHeiiwem yBeaYeHUN Temne-
paTypbl M3MePEHUA KOHLEHTPaLMA 3/1eKTPOHOB MOHO-
TOHHO BO3pacTaeT.

Ha puc.2 npeacrasneHbl 3asucumoctu iy (T) B nc-
XOAHOM KpucTanne (puc. 2, Kpusas 1) nocne obayyeHus
NPOTOHaMM C 3Hepruen 25 M3sB MHTerpasbHbIM NOTOKOM

8-102cn2 (puc. 2, KpuBas 2), a TaKXKe Nocne OTKUroB
npu T,,, =110, 160, 300 u 400°C (pnc.2, KpuBble
3, 4, 7 n 8 cooTBeTCcTBEHHO). Ha KpmBoli 3 Habaogaerca
pe3Koe yMeHbLUEHWE i, C MUHUMYMOM NpU 180K , a
Ha Kpueoi 4 — npu 100K . Bo3by»KAeHWe 31eKTPOHOB B
30HY NPOBOAUMOCTYH C ypoBHA 0,44 2B (A =2,8mrm ) B
obpasuax, oToxxeHHbIx npu T, =1 10°C, yBennumsa-
€T 3HAaYeHUe [i,; , HEMHOTO CMeLas ero B CTOPOHY me-
HbwMx Temnepatyp (puc.2, kpusaa 5). MNocne T, =
=160°C BO36YyKAeHMe aneKkTpoHoB ¢ yposHen 0,1728
(A=7,3mKkm) BbI3bIBAaET yBENUYEHME MAKCMMyMa Ha

KPWBOW 3aBUCUMOCTU i (1) M CMeLaeT ero B CTOPOHY

b6onee HM3KMX TemnepaTyp (puc.2, Kpmeas 6).
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My, cmza'(\f- 5)

10° 1 1

T,K

Puc.2. 3aBUCMMOCTb NOABUKHOCTU 3/IEKTPOHOB OT TEMNEepaTypbl
B 06/1y4eHHbIX NPOTOHaMM Kpuctannax 71 — Si ; 1 — po o6nyyenus,
2 - nocne obnyyeHus, 3,4,7,8 — nocne omkura npu 110, 160, 380
1 550°C COOTBETCTBEHHO, 5,6 — npu nogcBeTKe KPUCTannos
UK cBeTom c aHepruamu ¢potoHos 0,44 n 0,17 3B, OTOXKKEHHbIX
npu 110 u 160°C cooTBeTcTBEHHO

M3 puc.2 cneayet, 4To MOACBETKA OKa3blBaeT BAU-
AIHME Ha XOA, 3aBUCUMOCTN L,y (T) He TONbKO Npu HU3-

Kux Temnepatypax (—~100K ) B o6aactm paccesHus Ha
3apAXKEHHbIX LLEHTpax, HO U B 06/a1acT paccesHUA Ho-
cuTenelt Toka Ha oHoHax (> 180K ).

dHeprna  3NeKTPOHa Ha  JIOKa/JIbHOM  YpOBHe
E=FE; +&,rpe E; —Tennosas sHeprua, a & —sHeprua
3N1EKTPOCTAaTUYECKOrO B3aMMOAENCTBUA MEXKILY OTpULA-
TENbHO 3apsXKeHHbIMU gedekTamu B aTmocdepe BOKpyr

MeTaNnyecknx BKAoveHnin. Ecam E=E;, rpe E; -

3Heprua LenoHu3auMn LeHTpPa, TO 3/eKTPOH M3 Jo-
Ka/NIbHOTO YPOBHA NEPEXOAUT B 30HY NPOBOAUMOCTH.
MNo-sugmmomy, B UWHTepBane Temnepatyp 230-—

-300K E =FE; =0,445B, 31eKTpOHbl C YpPOBHA, COOT-

BeTcTBylOWwero E- LUeHTpam, nepexogAat B 30HY NpPoOBO-

ANMOCTHN, CTeneHb 3KpPaHUPOBaHUA MeTaN/INMYeCKUX
BKHOUYEHWN YMeHblaeTca U XONN0BCKaAa NoABUXHOCTb

cornacHo [14] mosKeT 6bITb NpeAcTaBAeHa BbipaXKeHnem
1+3
u &

1-61,

rOe Ay — XO/NOBCKasA MOABUMKHOCTb HEMOBPEXAEHHOW

Heor = Hy

mMaTpuubl, a fl—cymmapHaﬂ obbemMHasn aAona CcKon-

NEeHUIN MeXKy3eNbHbiX aTomoB. Kak BUAHO M3 dpopmybl
(1), uy; nBNAETCA BO3pacTaowen GpyHKuUMeH obbemHoMi
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[OAW f] BKAKOYEHWIA, 4TO Mbl Habnlogaem Ha KPUBOI 3a-
BUCUMOCTU Ly (T) B MHTepBane 230-300K (puc.2,

Kpuaa 3). C noHuxeHuem Temnepatypbl E yMeHb-
waetca u E — LeHTpbl HauMHaOT 3apaxaTbea. CnegoBa-
TeNbHO, YBE/IMYMBAETCA CTENEHb 3KPAHUPOBAHUA MeTan-
NTIM4YEeCKnx BK!HOLIEHVII‘/‘I. OHM cTaHoOBATCA Henpo3payHbiMu
LN 3NEKTPOHOB WM cornacHo [3] xonnoBckaa noa-
BMXHOCTb YMEHbLIAETCA MO 3aKOHY

1- £, /4

——J2' 7 2
M2 @)

/ueff ~

roe [y — XONN0BCKaA MOABUXKHOCTb 3/1EKTPOHOB B MUC-
xoAHOM obpasue, f, —Aona obbema, 3aHMMaemMas KBa-
3UAMINEKTPUYECKMMU BKAOYEHUAMM (prc.2, Kpusas 3).
CnenyeT OTMETWUTb, YTO B AAHHOM C/y4ae Kpome
SHepruit u fo3bl obaydeHna f; un f, ABNAIOTCA TaKKe
OYHKUMAMM CTENeHU 3KPaHMPOBaHUA MeTaNMYEeCcKUX
BK/IOYEHWI y . [IpU yBENMYEHUN ¥  f; YMeHbLUAeTcs, a

Jf> —yBennuusaetca n HaobopoT.
Ha kpweoii 3asucumoctn i, (T) B obnactn 180K

Habnogaetca MnuHMMmym. CywecTBoBaHME MUHUMYMa B
pabote [8] obbACHAETCA U3MEHEHUEM CTENEHWN IKPAHMU-
POBaHUA METaNIMYECKUX BKAOYEHUIA B 3aBUCMMOCTM OT
TemnepaTtypbl B MpoOLECCE U3MEPEHMUA, XOTA eAMHOro
MHEHMA MO 3TOMY BOMPOCY B Hay4HOW aUTepaType MnokKa
HeT [13,14,15] .

yBesnueHne 3sHaueHua [, B WHTepsane 140-—

—230K npwu BO3OYXKAEHUM 31EKTPOHOB B 30HY NMPOBO-
anmoctn ¢ yposHa E.- —0,445B, ucnonbsya UK nopac-
BETKY, OODBACHAETCH YMEHbLIEHMEM CTEMEeHM 3KPaHU-
pPOBaHMA aTOMHbIX KNaCTePOB U COOTBETCTBEHHO YyBE/U-
YeHnem 0O6BEMHON [0/IM METANNNYECKNX BRIIOUYEHUI f
(cm.  dopmyny (1)).
230-300 K BOKpYr MeTanAnyeckux BKAOYEeHUn F—

B TemnepatypHOom wuHTepBane

LLeHTPbl MCTOLEHblI B CUY 3N1EKTPOCTaTUYECKOro B3awu-
MOZENCTBMA WU BbICOKON TemnepaTypbl u nostomy WK
NOACBETKA He B/INACT HA BEJIMUMNHY Llyq .

A—ueHTpbl B 06nacTM  POHOHHOTO paccesHus
(300—200K ) NpaKTUYECKU 3NEKTPOHENTPaNbHbl U He
MOTYT CUNbHO MOBAWATL Ha CTENEHb 3KPAHWUPOBAHUA

METANNIMYECKUX BKIKOYEHWNIN U COOTBETCTBEHHO HA ,ueﬁ .

Yto KacaeTtca LI,MBaKaHCMVI, OHUN B OCHOBHOM o6pa3y-
HOTCA B npouecce 06J'Iy‘-IEHVI‘r'| nyTem KacCkKkagHOro mexa-
HU3mMa N, HECOMHEHHO, NPUCYTCTBYIOT B obbeme Kpuc-
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Tanna. B npouecce UO, B cmay 3anekTpocTaTUYECKOro
OTTA/IKMBAHUA MeXAY OTPULATENbHBIMW MOHOBAKaH-
cusmK, obpasoBaHue puMBaKaHCUK nytem andbdy3noH-
HOro MexaHM3Ma MasioBepoATHO. MoaTomy B aTmocdhepe
BOKPYr META/I/IMYECKUX BKOYEHWN, NO BCEW BEPOAT-
HOCTW, OHW MPUCYTCTBYIOT B HEBONbLLIOM KOANYeCTBeE.

YmeHblweHne L, B 061aCTM HU3KMX TemnepaTyp

T

(130K ) nocne nonHoro omkura E—uentpos (7, =
= 160°C) B pabote [9] 0bbACHAETCA N3MeHeHWem 3apsa-
AHoro coctoaHua A— ueHTpos. OHUM 3apaXaloTca oTpu-
LaTeNbHO W YBE/NUYMBAIOT CTEMEHb 3KpaHMpPOBaHUA Me-
TaNIMYECKUX BKAOYEeHWA. B 3Tom TemnepaTypHOm
WHTEpBane MeTafIMyeckne BKAIOHEHUA C OTpULIaTENIbHO
3apAXKeHHOW 060/I0YKON CMAbHO PacCemBaloT 3/EKT-

POHbI NPOBOANUMOCTUN U TEM CaMbIM YMEHbLUAIOT ;ueff .

Bo3byKaeHWe 3N1EeKTPOHOB B 30HY NMPOBOAUMOCTU C
yposHa E-—0,1758 c nomowpbto UK noacseTkn npu-
BOAMT K YMEHbLUEHWUIO CTEMEHW 3KPaHMPOBaAHMA MeTan-
NIMYECKUX BKAKOYEHMI 7. B pesynbTaTe ymeHbluaeTcA
B/MSIHME paccemBatolLero adppeKTa 3/1eKTPOHOB OTpULLA-
TENIbHO 3aPAXKEHHBIMM BK/IOYEHUAMM HA [, . Cnepo-

BaTe/IbHO, [, NPOAO/KAET PacTW NOYTM A0 100K , a

MWHUMYM, NO-BUAMMOMY, CMeELLEH BNeso, B 061acTb
HU3KKUX Temnepatyp (T < 77K ).

Mocne nonHoro omkura A-—ueHtpos npu 7, =

=380"C kpuBas 3aBUCMMOCTH Hree(T) B MHTEpBane

TemnepaTtyp oOT KOMHaTHOM A0 TOYKM KUNeHnA a3oTa

MeHseTca (pnc.2, 7).

T

ann

MOHOTOHHO KpuBas Mpu

=550"°C MmeTannmueckme BKAKOYEHMS MOAHOCTbIO
oTKuratoTcs (puc.2, Kpmeasn 8).

Pe3skoe ymeHblleHMe ,ueﬁ" C MUHMMYMOM nNpun

T ~100K Habnwopgaetca Takxe B obpasuax, obnyyeH-
HbIX cHayana Hebonbwumu pozamu (@ =10"cn?)

NPOTOHOB, a 3aTem anekTpoHamu (@ =10 cu™) (puc.3,

Kpusas 3). lMo-BMguMmomy nocne obayyeHus uccnemy-

eMbix 06pasuoB NPOTOHAMM [030M (Dzlollcm’z, B

obbeme Kpuctanna Kpome ToyeuHbix P obpasyertca
Hebo/bLIOE KOIMYECTBO META/JTIMYECKUX BKJIOUEHWUI,
KOTOpble MPAKTUYECKU He BAMUAIOT Ha NOABWMMKHOCTb
3/1eKTPOHOB (puc.3, KpUBasA 2), HO CO34Al0T NIOKasbHble
ynpyrve
Mocne o6nyyeHUs 3NEKTPOHaMKM B KpucTaane obpa-

HanpsXKeHUs  KPUCTA/IMYECKOM  peLleTKu.
3yloTcA nepBuuHble P/, (BakaHCUM — MeXKy3eNbHble aTo-

Mbl). HepaBHOBECHbIE BaKaHCKM, NO-BUANUMOMY, YCTPEM-
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NAKTCA K METaNNIMYECKMM BKAoYeHusam [17]. Ux onpege-
NIEHHAs 4YacTb PEKOMOUHMPYET C MeXKy3esibHbIMU aTo-
MamMM MeTaIZINYECKUX BKJIIOYEHWNI, a OCTa/ibHble BOKPYr
3TUX BKJ/IIOYEHUI CO3A4al0T Henpos3payHble ANA 3NeKT-
POHOB MPOBOAMMOCTM 060N0YKK, KOTOpble COCTOAT U3
OTPMLATENLHO 3apAMKeHHbIX A— ueHTpos, E —ueHTpos,
OMBaKaHcuit n  gpyrmx PA. 3To npuBogMT K npes-
paleHNo MeTannonoaobHbIX BKAKOYEHUI B KBa3Mana-
NIEKTPUYECKME, paccemMBalOLMe 31EKTPOHbI NPOBOAM-
MOCTM BK/IHOYEHUI, YTO BbI3bIBAET PE3KOE YMEHbLUEHWNE

Uy (pync.3, KpuBas 3).

10*

l‘l'") szf(vs)

10°

2-10°

Puc.3. TemnepatypHaa 3aBUCMMOCTb NOABUXXHOCTHU 3/IEKTPOHOB B
kpucrannax 71 — Si , 061y4eHHbIX NPOTOHaMM ¢ 3Heprueli 25 MaB
(mo3a 10" cm-2) n anekTpoHamm ¢ sHeprueii 2 MaB (go3a 10 cm-Y):
1 — ucxoaHas NOABUNKHOCTD, 2 — nocsie 061y4eHMA NPOTOHaMKU
no30i ®=10""cm?, 3 — nocne 061y4eHUn INEKTPOHAMM — TEMHOBaTas,
4 - c nogceetkoit hv=0,17 3B u 5 — ¢ noacseTtkoit hv=0,44 3B

Mpu UK nopcseTke ¢ aHeprueit hv =0,175B B npo-
Lecce XO/INOBCKMX M3MEPEHWU MPOUCXOAMUT AEeNOHU-
3auma  A—ueHTpos. COOTBETCTBEHHO YMeHbLIAeTCA
cTeneHb 3KPaHMPOBAHWUA METANNIMYECKUX BKJIKOUEHWUIA,

YTO MPUBOAUT K YBENUYEHWUIO [, B obnactm 100K

(puc.3, kpusas 4).
®oTOBO36OYKAEHME 3/EKTPOHOB B 30HY NPOBOAM-
mocTu ¢ ypoBHA E. —0,445B npuBOAUT K yBEUYEHUIO

Uy B BONEE LWMPOKOM MHTEpBane Temnepatyp, T.k. E-

LUEHTPbl  3apsXeHbl  OTPULATENIbHO
77-300K (pwc.3, kpuean 5).
MonyyeHHble pe3ynbTaTbl AUWHUIA pPa3 MNOATBEPIK-

B UHTEpBane

AalT MHEeHUe O TOM, YTO 3a 3KPaHMpPOBaHWUE MeTaNNn-
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YECKMX BKNHOYEHMIN B OCHOBHOM OTBETCTBEHHbI A— U
E- uentpsl.

CylecTBOBaHWE MMHMMYMa Ha KPUBOW 3aBUCMMOCTU
,ueﬁv(T) 06bACHAETCA 3aBMCMMOCTbIO 3apAA0BOrO COC-

TOAHWA 3KPAHMPYIOLWMX aTOMHbIX K/JacTepoB oboJsiouek
OT TemnepaTypbl uamepeHus 1 U 3HEPrUM 3NEeKTPo-
CTaTUYECKOro B3aMMOLENCTBUA & MEXKAY 3apPAKEHHbIMM
P/l, KoTopble CO34at0T 3KPaHMpPYHOLLYH 060/104KY BOKPYT
aTOMHbIX KnacTepoB. C ymMeHblleHMEM TemnepaTypbl
usmepenns T, PL, BOKPYr aTOMHbIX KNacTepoB Hauu-
HalOT 3apsAXaTbCa oTpuuaTenbHo. COOTBETCTBEHHO pac-
TeT CTeneHb 3KPaHMPOBAHMA aTOMHbIX K/AacTepoB, KOTO-
pble NPEeBPaLLaloTCA B KBa3UAMINEKTPUUYECKME BK/IO-
YEHWS, 4TO NPUBOANT K YMEHBLUEHWIO L, . NPy Onpese-

NIEHHOW TemnepaType 3Heprua 3/1eKTPOCTaTUYECKOro
B3aMMOAEWCTBUA £ MENKAY OTPULATENIbHO 3apPANKEH-
HbiMu P[] B 060104Ke cTaHOBUTCA BoAbLIe, YEM SHEPrUA
MoHM3auunin PO, n HaumHaeTca uUx aevoHusauus [8,18].
CoOTBETCTBEHHO, YMEHbLUAETCA CTENEHb 3KPAaHMPOBaAHMUA
PO.

ANIN1EeKTpU4YeCKne BKAKOYEHUA ONATb MpesBpalaloTca B

dTOMHbIX KNnacrtepos 3apAXXeHHbIMU KBasu-

aTOMHble  K/acTepbl C  BbICOKOW MPOBOAMMOCTbIO.

CooTBeTCTBEHHO, pacTeT :ueff N Ha KpVIBOﬁ 3aBUCUMOCTHN

ey (T) NOABNAGTCA MUHUMYM.

3. 3AKJ/IIOMEHME

[nAa yTOYHeHMA, Kakme MMeHHO paAuaLMOHHble Ae-
deKTbl OTBETCTBEHHbI 3@ YMEHbLUEHNE XOJIJI0BCKOM NoA-
BUMKHOCTU i B OBNYYEHHBIX NPOTOHAMM C 3Hepruen

25 MsB kpuctannax n—Si npu pasanyHbIX Temnepa-
Typax, bbin ucnonb3osBaH metos ¢oTo-Xonn-apdekra.
MpoBeneHHble UcCNefOBaHMA MNOKasaAu, 4YTO Ha

cenekTusHoe Bo3byxaeHne E—ueHTpos ( £ —0,4428 )
pearvpyer MUHUMYM Ha KpuBoi 3asucumocTn . (T) B

180K , Ha BO3bOyXAaeHue
(Ec-=0,1758 )= muHumym npu 100K .

obnactu a A—ueHTpos

MonyyeHHble pe3ynbTaTbl MOATBEPMKAAOT CyLLECTBY-
owee MHeHWe 0 TOM, YTO SKpaHUPOBaHWE MeTananyec-
KUX BKIIOYEHWUI B 0B/IyYeHHbIX MPOTOHAMM KpUCTannax
n—Si B 06/M1acTM GOHOHHOrO pacceaHus NPOUCXOAUT
ToNbKo E — LueHTpamu, a Npu HU3KMX Temnepatypax £ —
ueHTpamun u A — ueHtpamu. NMocne nonHoro omkura E—
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ueHTpos (7, :1600C) 3a cyuiecTsoBaHMe MUHUMMYMa

nn
Ha KpuBOW 3aBUCUMOCTU Li e (T) OTBETCTBEHHBI TONBLKO
A— ueHTpsl.

CyliecTBOBaHME MMHMMYMa Ha KPMBOW 3aBUCHMOCTH
Herr (T) 06BACHAETCA 32BUCUMOCTBIO CTEMEHW IKPAHUPO-

BaHUA aTOMHbIX KNnaCTepoB OT TemMnepaTtypbl UsmepeHuna

M 3HEpPrMm  3/EeKTPOCTaTUYECKOro  B3auMmomencTeus
MeXAy 3apsayKeHHbiMM P[], COCTaBAAIOWMX 3IKpPaHMPY-

tOLLYI0 060N0YKY BOKPYr aTOMHbIX K/1acTepos.
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INVESTIGATION OF n-Si CRYSTALS IRRADIATED BY HIGH-ENERGY PROTONS THROUGH THE
PHOTO-HALL METHOD

T. Paghava, N. Maisuradze, M. Beridze, |. Kalandadze, N. Esiava
Department of engineering physics, Georgian Technical University, 77, M. Kostava str, Thilisi, 0175, Georgia

Resume: The n— Si crystals to be investigated having the concentration of N = 6-10°cm™, have been irradiated
by the protons with the energy of 25Mw at 300K. For investigation we used the photo-Hall method. It has become
clear, that in the irradiated crystals the electron mobility was anomalous high, which is connected with appearing of
inclusions of high conductivity in the crystal volume, in comparison to matrix. These inclusions create the ohmic tran-
sitions on the boundary of crystal matrix. During the isochronous annealing the mobility at definite temperature is
sharply decreased. The value of mobility on the crystal is increased, as a result of infra-red light of definite energy. As
it is evidently illumination of the crystal causes the deionization of deep centers being in electrostatic interrelation,
which are formed around the metal inclusions in the process of isochronal annealing and cause its screening. As a re-
sult of screening the “metal” inclusions are transformed into quasi-dielectric ones. There is shown, that the screening
of “metal” inclusions have been mainly caused by the A —and E — centers.

Key words: high-energy protons; method of photo-Hall effect; infra-red illumination A and E centers.
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INFLUENCE OF STRONTIUM CARBONATE PARTICLES ON THE MAGNETIC PROPERTY

OF SAMARIUM MANGANITE

M. Metskhvarishvili*, M. Beridze, I. Kalandadze, K. Baramidze
Department of Engineer Physics, Georgian Technical University, 77, M. Kostava str, Thilisi, 0175, Georgia

E-mail: magdametsk@yahoo.com

Resume: There is investigated temperature depen-
dence of linear and nonlinear susceptibilities for the Sr-
doped samples of Smy,Sr,MnO (0.25<x<0.45), which
was prepared by the solid-state reaction method. Given
results show that maximal resistivity was obtained by the
small doses of samarium-Sr-substitution.

Key words: solid-state reaction; doping; linear and
nonlinear susceptibilities; electric resistivity.

1. INTRODUCTION

Nowadays intensively are investigated RE,,A,MnO;
(RE = Pr, Nd, Sm; A —Ca, Ba, Sr. and et. al.) materials due
to its colossal magnetoresistance (CMR) effect, which are
observed in the range of 0<x<1 concentrations, where
the ferromagnetic phase is appearing [1].

Many researchers [2-10] are showing that RE;.
AMNO; compound is unique due to its proximity to the
charge order/orbital order (CO/0O0) instability and shows
the most abrupt insulator metal transition (IMT) and the
most prominent magnetocaloric effect. The ground
states of RE;,A,MnQ; are ferromagnetic metallic (FMM)
for 0.3<x<0.52 and antiferromagnetic insulating (AFMI)
for x>0.52. Colossal magnetoresistance (CMR) is ob-
served at all the compositions corresponding to the
FMM ground state. Near half doping (0.45<x<0.52), very
sharp (first order) transitions from paramagnetic insulat-
ing (PMI) to the FMM state are observed.

Unlike the above-mentioned works, the aims of our
studies are investigations of the effect of doping of dif-
ference value of strontium carbonate on resistivity and
magnetic properties of Sm;_ Sr,MnQO system.

2. THE BODY OF THE ARTICLE

experiment

The Sr-doped samples of Smy,Sr,MnO (0.25<x<0.45)
were prepared by the solid-state reaction method. De-
sired ratios of the mixture of Sm,03, SrCO5; and Mn metal
powder were pelletized and were heated at 1100°C for 7
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days in air into the muffle furnace (KSL-1100X-S, MTI-
corporation, temperature accuracy +1°C). After grinding
the received products were pressed as pallet under a
pressure of 200 MPa by hydromatic press (Holzmann-
maschinen, Type: WP 10H). The pallets were heated
again at the same temperature for 7 days in air and then
were slowly cooled to room temperature.

Obtained specimens were identified by X-ray diffrac-
tometer (XRD, Dron-3M) with CuKa radiation. Measure-
ments of linear susceptibility were carried out in the case,
when collinear constant and variable fields H(t) = H +
hcoswt were applied to the sample. High harmonics mea-
surements errors were ~ 2%, when the measured signal
was less, than 0.2 pV. However, the error does not exceed
0.5% for higher amplitudes [9]. The phase method was
used to study the real parts of the linear susceptibility
[10]. The errors in the determination of y at the higher
frequencies, than 1 kHz do not exceed 1%.

Result and discussion

second harmonic y, were carried out in the collinear
constant (H) and variable (h = 450e) magnetic fields
(basic frequency was f = 15.7 MHz) on the device de-
scribed in [9, 10]. Signal of second harmonic exists be-
cause of nonlinear characteristics of presented samples.
Constant field was changed from —300 Oe till +300 Oe
and simultaneously was registered real ReC,(H) part of
second harmonics of susceptibility. On the fig. 1 there is
presented dependence of ReC, from T.
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a2 N 4045
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™ *
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Fig. 1. Temperature dependence of second harmonics for
Sm,_,Sr,MnO; samples with, x=0.25, x=0.35, x=0.45.
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Temperature dependence of real parts of linear sus-
ceptibilities 7(T) of Sm;_,Sr,Mn0O; samples with
x = 0.25, x = 0.35, x = 0.45 concentration of doping of
SrCO; particles on the H = 0 in the temperature range
of 60 — 240 K was received and presented on the fig. 2.
On the 60 — 110 K area of temperature behaviors of
these samples are the same, but from 125 K they are
different. Temperature region of difference is lying in the
range of 110 — 130 K. Upper to 130 K amount of y is
depending on the x. The image of ¥ (T) also is deter-
mined by level of doping. In the paper there is deter-
mined Curie temperature, which is characteristic of fer-
romagnets and antiferromagnets. On the temperature

range 90 — 110 K 5 (T) dependences for all samples are
closing and for T < 90 K achieve maximums. Experi-
mental determination of the temperature, at which the
sample undergoes a transition to the magnetically or-
dered state, is the most complex problem.

20
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Fig. 2. Temperature dependences of real parts of susceptibility
for Sm;.,Sr,MnO samples
when x = 0.25,x = 0.35,x = 0.45.

In such complex magnets as manganites, the transi-
tion occurs over a rather wide temperature range and
the Curie point is usually taken as either the temperature
corresponding to a maximum of the derivative of the
susceptibility with respect to temperature [11] or the
temperature of the onset of a sharp increase in the sus-
ceptibility [12]. The temperature corresponding to the
onset of a sharp increase in the linear susceptibility was
taken as the temperature of the magnetic phase transi-
tion. The Curie point thus determined is equal to approx-
imately 90 K for the sample with x = 0.25; 125 K for the
sample with x = 0.35 and for the sample with x = 0.45
is equal to approximately 122 K.
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Fig. 3. Temperature dependences of resistivity
for the Sm,_,Sr,MnO samples,
when x=0.25, x=0.35, x=0.45.

The resistivity of the samples with x = 0.25,x =
0.35 and x = 0.45 was measured in the temperature
range 60-180 K. R(T) dependences show - that maxi-
mums are depending on x. With increasing of x maxi-
mums are decreasing. For the samples with x =
0.25,x = 0.35 and x = 0.45 maximums are arranging
on the 85 K,100 K, 116 K temperatures respectively.

3. CONCLUSION

We have investigated of the effect of SrCO; doping on
Smy_,.Sr,Mn0O; (x=0.25, 0,35, 0.45). In this system which
has been studied the linear and nonlinear susceptibilities
and electrical resistivity. We found, that in the low level
doped samples (x = 0.25), SrCO; enhances the value of
the electrical resistivity. Maximal value of resistivity was
received at T = 85 K temperature for x = 0.25 and with
increasing of x, maximal value of the electrical resistivity
was decreasing and pick shift on high temperature.

References

1. Ustomos H0. A., CKkpabuH HO. H. Ycnexu ¢pusnyeckux
HayK, 2, (2001), 121.

2. T. Ohtani, K. Kuroda, K. Matsugami, D. Katoh. Journal of
the European Ceramic Society 20 (2000) 2721-2726.

3. Manoj K. Srivastava and et al. Applied physics letters
97, 182503, 2010.

4. Y. Tomioka, H. Hiraka, Y. Endoh, and Y. Tokura, Phys.
Rev. B 74, 104420 (2006).

5. M. Egilmez, K. H. Chow, J. Jung, |. Fan, A. . Mansour,
and Z. Salman, Appl. Phys. Lett. 92, 132505 (2008).

6. A. Rebello and R. Mahendiran, Appl. Phys. Lett. 93,
232501 (2008).

7. P. Sarkar, P. Mandal, and P. Choudhury, Appl. Phys.

Lett. 92, 182506 (2008).



L& I-0L ‘dA(M3Id0 — TRANSACTIONS OF GTU — TPYAbI ITY Ne2 (492), 2014

8. M. Egilmez, K. H. Chow, J. Jung, and Z. Salman, Appl. 11.F. Damay, N. Nguyen, A. Maignan, et al., Solid State

Phys. Lett. 90, 162508 (2007). Commun. 98 (11), 997 (1996).
9. I. Metskhvarishvili, J. Low Temp. Phys. 155, (2009) 153. 12. A. Maignan, C. Martin, F. Damay, et al., Phys. Rev. B:
10.1. Metskhvarishvili, G. Dgebuadze, B. Bendeliani, M. Condens. Matter 58 (5), 2758 (1998).

Metskhvarishvili, T. Lobzhanidze, G. Mumladze, J. Low
Temp. Phys. 170 (2013) 68-74.

353 549.521.61

LAAHMB6GOTINL 35®HdMBOIBOL 6OVORO3ISOL d53RI6S LHFI®HNAIBNL 3d563S60BOL
358603 J® 0)30153636H3

9. Ig;3bgodoTgogmo, 3. 39M0dg, 0. omsbesdg, J. dsGSdodyg

1506506G™ Gobogol ©g3sMmFdgbBo, LadoMmggmmml @9dbogy®o 9boggdlodgdo, LoJodmgganm, 0175,
mdoaolo, d. gob@egsl 77

G9b0oydg: 953m g3 gneos dgoMmgsby@o Ignmwomn Indbswgdymo Sr-om  m3oMgdy@o  SMy.,SrMnO
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YAK 549.521.61
B/IMAHUE YACTUL, KAPEOHATA CTPOHLMA HA MATHUTHBIE CBOMCTBA MAHTAHUTA
CAMAPUA

Meuxsapuwsunum M.P., bepugse M.T., KanaHgagse WU.I., bapamugse K.K.

[enapTameHT UHXKeHepHOW dU3NKK, TPY3UHCKUIA TEXHUYECKUI yHUBepcuTeT, Mpyaua, 0175, Téunucn, yn. M. Koctasa 77

Pe3stome: B pabote uccnegoBaH 3ddeKT AONMPOBaHUA CTPOHUMA Ha obpasubl Smy,Sr,MnO (0.25<x<0.45),
KoTopble 6blAM NPUroTOBAEHbI METOAOM TBepAodasHOM peakuumu. Bbina M3yyeHa 3aBUCMMOCTb JIMHEWHOW W
He/NIMHENHOW BOCMPUUMUYMBOCTM U INEKTPUYECKOTO COMPOTMB/EHUSA OT TemnepaTtypbl. MMoAyyeHHble pes3ynbTaThbl
MOKa3au, 4To MaKCMMasbHOe COMPOTUBEHME BbII0 NOYYEHO NPU NOAMEHE CaMapUsA MaJIoW J,0301 CTPOHLMA.

KnioueBble cnoBa: TeepaodasHas peaKkuus; OAONUPOBaHUE; JAMHEMHaa M HelMHelHas BOCMPUUMYMBOCTOCTD;
3/1eKTPUYECKOE COMPOTUBIEHME.
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2cm) draughts, diagrams, tables and a list of literature;

e The article should be carryed out in form file DOC (MS-WORD), written down on any magnetic
carrier;

o For Georgian text is used Acadnusx font, size 12;

o For English and Russian texts is used font - Times New Roman, size 12;

74



L& I-0L ‘dA(M3Id0 — TRANSACTIONS OF GTU — TPYAbI ITY Ne2 (492), 2014

The beginning of the article should contain the following informations:

= UDC (Universal Decimal Classification);

= Name, surname, of author/authors;

= E-mail and contact telephone of author/authors;

= The name of department in all three languages;

= Key words in all three languages.
In the article with subtitles should be isolated introduction, the body of the article and conclu-
sion;
Computer version of pictures or photos must be done in size TIFF with the recognition 150 dpi;
The article should have resume in Georgian, English and Russian languages;
The article should be written correctly, with the observance terminology, without stylistic and
grammatical mistakes;
Author/authors are responsible for content and quality of article.

There is offered the following documentation for the article presentation:
e Two reviews;

e Extract from the minutes of a branch commision meeting of faculty learned experts;
o Extract from the seminar minutes of faculty or direction.

75



L& I-0L ‘dA(M3Id0 — TRANSACTIONS OF GTU — TPYAbI ITY Ne2 (492), 2014

K cBenennio aBTopos!

COopHUK HayudHbIX TpyAOB ['py3MHCKOro TEXHHYECKOTO YHUBEpPCHUTETa SIBISETCS pedepu-
POBaHHBIM MEPUOAMUYECKUM H3JaHHEM, KOTOPOE BBIXOAMT B CBET YETHIPE pa3a B roj (IEpBbIH
HOMEp BKJItOUaeT nepuoa ¢ lsuBaps no 31 mapra, BTopoit Homep — ¢ 1 anpens no 30 utoHs, TpeTHit
HOoMep — ¢ 1 utonst mo 30 ceHTsa0ps u ueTBepThIid — ¢ 1 okTa0ps o 31 nexkadps).

Ha3znauenne cOOpHHMKAa — COACHCTBHME pAa3BUTUIO HAYK, HOBBIX JIOCTH)KCHHUH YUYEHBIX U
CHELUAINCTOB, ONIEPATUBHAS ITyOIUKAIMS MATEPUAJIOB U PE3YJIHTATOB UCCIICOBAHUM.

[IpuHUMAIOTCS CTaThH HA TPY3HMHCKOM, aHTJIMHCKOM U PYCCKOM SI3bIKaX (TyOJMKYIOTCS Ha SI3bIKE
OpUTHHATA).

ABTOp MOKET MPEACTaBUTh TOJILKO JIBE CTATHH.
s cotpyAHUKOB [ py3MHCKOTO TEXHUYECKOTO YHUBEPCUTETA CTaThU IyOIHMKYIOTCSI OECIUIaTHO.

KomnuectBo ABTOPOB CTATbU HE NOJIKHO IIPCBBIIIATH 5.

B C60pHI/IKe neéyaTtaroTCa CTaTbHd, KacCaromMECA HOBBIX PCE3YJIbTATOB I/ICCJICHOBaHI/Iﬁ 1o
CJICAYIOIIUM TCOPETUICCKUM U NPHUKITAAHBIM OTPACIIAM:

e CTpouTenbCcTBO

e DHepreTHka, TeIeKOMMYHHUKALIUU

o ['opHOE neno-reonorus

o XUMHYECKasi TEXHOJIOTUS, METAJLTy Prus

e ApxuTrektypa, ypOaHUCTHKA, TU3AWH

o Hudopmarnka, CHCTEMBI yIIPaBICHUS

e TpaHCHOpT, MAIMHOCTPOEHUE

¢ bu3HEC-MHKEHEPUHT

o CoopyxeHusl, CrielIUaIbHbIE CUCTEMBI, HH)KEHEPHOE 00ecIIeUeHHe

[Ipennaraem nopsiiok ohopMiIeHUsI HAYYHBIX CTaTeH:

e OOwveM paboTel ompenensercs (opmatom Oymaru A4 c untepBamom 1,5, 5-7 medaTHbIMH
CTpaHullaMU (TOJS = 2CM), C TIEPEYUCIICHUEM PUCYHKOB, IpadUKOB, TaOJIHI] U CIIHCKA JHUTE-
paTypel,

e CraThs noipkHa ObITH BbIMoJIHEHA B Bume (aitma DOC (MS-Word), 3amucanHoro Ha Jr0O0M
MarHUTHOM HOCHUTEIIE;

e JInst Tpy3WHCKOTO TEKCTa ucnonb3yercs mpudt Acadnusx, pasmep 12;

e Jlns anrnuiickoro u pycckoro TekctoB — mpudt Times New Roman, pazmep 12;

e B Hauane cTathu JOJDKHA COAEPIKATHCS Cienyromas HHopMarus:

= VJIK (YHuBepcabHas necsiTHYHas KiacCu(puKanms);
» damMumms, UMs, OTYECTBO aBTOPa/aBTOPOB;
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= Azpec 3IeKTPOHHOM MOYTHI aBTOPA/aBTOPOB M KOHTAKTHBIN Tene]oH;

» HasBaHue nenapramMeHTa Ha TpeX s3bIKax;

= KiroueBble clioBa Ha Tpex S3bIKax.
B craThe moa3arosoBkaMu ciieyeT BBIICTUTH BBEICHHE, OCHOBHYIO YacTh M 3aKIIOUCHHE;
KomnbioTepHblii  BapHaHT PUCYHKOB WM ()OTO JOJDKeH ObITh BbimosiHeH B (opmare TIFF
pacriozHaBanuem 150 dpi;
CraTbs JOKHA UMETh Pe3lOMe Ha IPy3MHCKOM, aHIVIMHCKOM U PYyCCKOM SI3BIKAX;
Cratpst nomkHa OBITH HamMCcaHa TPAaMOTHO, C COOJIOACHHWEM TEPMHUHOJIOTHH, 0€3 CTHIIHC-
THYECKUX M TPAMMAaTHYECKHX OIIHOOK;
ABTOp/aBTOPBI OTBETCTBEH/bI 32 COJIEPKAHUE M KaYECTBO CTATHH.

Jlnst mpencTaBieHus CTaTbl HEOOXOIUMBI CIICTYIONTUE JOKYMEHTHI:
o JIBe peueHsum;

e Brinucka u3 mpoToKoJa 3acejaHus 0TPACIeBOM KOMUCCHH YUEHBIX HKCIIEPTOB (haKyJIbTETa;
e Brimucka U3 npoTtokona ceMuHapa (pakyJabTeTa UM HalpaBICHHUS.
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