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UDC 627.841

ANALYSISOF THE ORTACHALA HPP COASTAL ZONE
SEEPAGE REGIME

M. Kalabegishvili, L. Klimiashvili, D. Gurgenidze

(Georgian Technical University)

Abstract: Ortachala HPP the law head waterworks facility in operation since 1955 is located in
the central part of Thilisi city.

During operation period cracks were formed in the right-bank of foundation, whe-
re are located underground fish-way sections. Surprisengly, right bank dam-foundation
contact opened only in the horizontal direction, that caused 5.5 cm gap development,
while there were no changes in the vertical direction. Visual researches showed, that
cracks (sizeis 4-5 cm) developed in fish-way construction.

Mathematical models - "fish-drainage-foundation™, "retaining wall - drainage-
foundation” developed with the use of the finite element scheme, allowed us to finalize
the suffusion-deformation process devel oped during the operation, namely:

- in the cracking zones of fish-way developed high gradients of seepage pressure,
causing suffosion;

- under the influence of the weight of the soil and transport, shrinkage of the soil
developed, which for the foundation of the right bank, created bending deformations
causing the rotation of the soil in the vertical plane;

- bending deformation of the foundation at the contact of the concrete structure
and the embankment caused a horizontal opening, spread out - at a depth of 4 m.

In connection with this, the retaining wall, leaning against the ground, loses sup-
port and, under the influence of hydrostatic pressure, tensile stress develops in it. In the
case of crack formation in the wall, concentrated seepage will develop, which will cause
groundwater rise in the main road (passing different communications) and various unfa-
vorable processes.

Having established the reason for opening the contact, the fish-way was closed, as
a result of which above-mentioned process was stopped. Thus, the waterproofing of the

fish-way is a necessary measure for the normal operation of the waterworks.

7



Jo®mobgobg@os, Nel-2(23-24), 2017 — Hydroengineering, Nel-2(23-24), 2017 — T'mnpounxkenepus, Nel-2(23-24), 2017

Key words: contact; cracking; filtration process, hydroizolation; mathematical models; suffussion-

deformation process.

1. INTRODUCTION

Ortachala HPP is the law head waterworks facility situated in central part of city. Station is
being operated since 1955. Reservoir, placed in river canyon, is surrounded by on both sides, with
underground draining galleries behind them. The latter is purposed (by design) to avoid rising of
groundwater table level on banks, that may cause flooding of the city communication lines (public
systems, cable-lines and etc.), deformation of the road surface and development of other subsequent

unfavorable processes. On the right-bank are also situated underground fish-way sections (Fig. 1).

Down
stream

—=-7
- =

l**—.—'——"
Fo6R 1_-

._‘____.__..__..;__._._7&_

Highway

-

A\
%

Up stream

Fig. 1. Cracks developed in Ortachala HPP right bank

During operation period cracks were formed in the right-bank foundation in HPP and, under

ground fish-way sections. Surprisingly, right bank dam-foundation contact opened only in the hori-
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zontal direction, that caused 5.5 cm gap development, while there were no changes in the vertical
direction.

Visual researches showed, that cracks developed in fish-way construction. Gap size is 4-5
cm. Some results of deformation and seepage developed analysis in right bank foundation is

given below.
2. THE BODY OF THE ARTICLE

Mathematical model of seepage-defor mation prosess

Seepage regime and deforamtions, developed in water bank, are interconnected processes.
Exact estimation of the task requires seepage and static calculation review of the “Fish-way -
drainage - foundation” system.

Generally, pressure-free seepage task is reviewed. Above-mentioned considers depression
surface unknown outline and seepage flow parameters definition. Calculations are based on the
second row differential equation solution considering anisotropic massive:

0 oH 0 oH
&(Kx&}r@[KyE}rQ—O (1),

where: H — is a pressure, K, and K are hydraulic conductivity in the direction of X and Y axis; ac-
cordingly, Q — is seepage flow discharge.

On the basis of presented differential equation, with finite element method usage, in condition
of system seepage flow total potential energy minimization, task shall be solved. Calculations were
held with the iteration scheme (Fig. 2). By choosing step, high degree of convergence will be
achieved.

Fish-way, that is totally located in the embankment, in the process of operation was com-
pacted with soil. In the result, along it’s longitudinal axis, cross cracks were developed in the con-
struction (especially in the bottom), that itself caused seepage. Generally, soil seepage strength con-
dition has it’s faces:

J<J

cro
where: J and J., are seepage gradients calculation and critical meanings. According to the calcula-
tion results, it was acknowledged, that maximum meaning of the seepage flow gradients developed
from cracks, is 1.5 (Fig. 3). From this point starts disturbance of the seepage steadiness and begin-

ning of suffusion.
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Fig. 2. Cycle - iteration scheme of calculation
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Fig. 3. Seepage gradientsin fish-way foundation
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Suffusion development causes pore increase in soil. Suffusion development model in time
was accepted. Connection of the deformation modulus (E) with pores (n) function is presented with

using decrease regularity curve E, = f(n) (Fig. 4).
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Fig. 4. Ey =f(n) - reletionship between elastice modulus and pores

Defor mation prosessin right bank foundation

Estimation of deformation development processes in time in bank foundation was held with
statistic calculation (cyclic-iteration sequence) using soil operation non-liner model [2]. Square iso-
parametrical elements were used, as finite element mesh measurer. In the zone of the tensile zone
and high compression, also in high seepage gradient zone element gains anisotropic properties. Ani-
sotropic axes in element are orientated according to the main stress (Fig. 5).

Deformation modulus values are corrected in the following way:

- in compressions direction - o = f (&) according to the curve;

- in the zone of high seepage gradients, according to the E, = f(n) curve (in the fish-way
foundation)

- towards tensile stress direction - E, =~ 0, when o > R, where R — generally, soil strength on
expansion (zone of cracking behind concrete wall).

Calculation results showed, that change of deformation modulus in fish-way foundation influ-
ences deformation development of bank (Fig. 6, 7). Under fish-way, in the zone of high gradients,
developed suffusion increased it’s settlement and cracks opening in fish-way construction. This

causes increase suffusion. This means, that crack development and suffusion causes inter-

progressive development.

11
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Fig. 5. Finite element anisotr opic model

Y-Displacement vs. Y
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Fig. 6. Settlement developed in fish-way structures cross section:
a) in depth of embankment; b) embankment surface
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X-Displacement vs. Y
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Fig. 7. Behind thewall crack development dynamic

in depth of embankment

Fish-way settlement (Fig. 6), developed caused soil replacement and gap open development in
horizontal direction next cracking in bank foundation (it spread in depth down to 5.4 m, Fig. 7).

Within the cracks developed depth behind the concrete wall is loosing support, that causes in-
crease tensile stress on it’s pressure surface. This itself causes loss of strength bearing capacity.
Currently, bearing capacity is almost out. Increase of depth crack in soil will cause crack develop-

ment in the wall herewith, hydraulic break-through and groundwater table rise.

Seepage parametersanalasysin theright bank foundation
Seepage parameters study were carried out in bank foundation using “Fish-way - drainage -
foundation” system. Basic rock mass is presented with tuffogenic sand, but the bank foundation
with 12 m capacity embankments with fish-way and drainage located there.
Hydraulic conductivity normative values (using the reference books and analogs) are:
- basic massive Km~ 10" cm/sec;

- embankment K. =1 cm/sec.

Hydraulic conductivity values was corrected during the iteration calculations. It was accepted,

that groundwater table elevation, in correspondence with piezometer measuring results, is satisfied

forthe K. /K ~4.5010° value (Fig. 8).
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Ratio K,/K_’ is quite big, consequently, basic massive and embankment contact is presented

practically as a seepage outlet section. Groundwater table reaches to the highest elevation near the
right bank wall, farther it slowly goes down.
On the first stage of the calculation, drainage wasn’t foreseen. Drainage operation was studied
separately, using classical solutions and finite elements method.
Lowered pressure in drainage gallery cross, made according to the classical solution, is de-
fined with the formula [3]:
1

N-rc( 1 lj
1+ -
7 \R+b 2t

where: N- quantity of bores in the drainage galleries, r, — bore radius, R — radius of drainage galle-

?, =

ries, b — half distance between existing bores, t — distance from the drainage center to the groundwa-

ter table elevation. ¢, = 0.96m as calculated.

NOL=389.0 (32.0)
e —

381.01 (24.56)
~_~

fish way

drainage

377.0 (20.0)

—

Fig. 8. Seepage head distribution

in the “ Fish-way - drainage - foundation” system
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Fig. 9. Seepage head distribution in drainage

By using finite element model, there was defined, that depression surface lowers till 100 cm
in drainage cross (Fig. 9) that is in good compliance with the classic solution results.

Hence seepage is provided within the basic mass (tuffogenic sand rocks) and determines
groundwater table level of the bank and drainage is incapable to change seepage regime. It’s maxi-
mum effectiveness can be estimated by the decrease of the seepage pressure on the bank wall not
exceeding 1m. So drainage is actually ineffective.

Seepage gradient distribution along the wall tooth and its vertical surface characterizes signif-

icantly unequal and maximum meaning does not exceed 0.6 cm.

3. CONCLUSION

2 (13

- Mathematical models — “Fish-way foundation”, “retaining wall - drainage - foundation”
were elaborated by the connected static and seepage scheme, that showed developed deformations
and seepage regime in right bank foundation considering drainage in Ortachala HPP.

- Because of the foundation basic mass and embankment hydraulic conductivity ratio of high
value, their contact surface appears, as a seepage outlet section. So rock mass - embankment contact

surface defines the groundwater table elevation in bank foundation.
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- Drainage can’t influence seepage regime (groundwater table elevation) development in the
bank foundation. Drainage influence is spread only near the wall and decreases pressure on it within
1.0 m. Thus, drainage can not be considered, as a right decision for projecting.

- Fish-way, that is located in the embankment undergo settlement, that was followed by
crack development and seepage. Suffusion developed under the fish-way, in the zone of high gra-
dients, increased it’s settlement and opened the cracks. This means, crack development and suffu-
sion causes inter-progressive development.

- Settlement, developed in fish-way structure lining, caused soil replacement towards the ho-
rizontal direction, relative to concrete retaining wall and depth crack development near the wall.
Above-mentioned increases tensile stress in wall and causes lost of strength bearing capacity. In the
result, crack development in wall will cause hydraulic break-through and groundwater table eleva-
tion rise in embankment - all inconvenient results connected to it.

- Having established the cause of these processes, the fish way was stopped and by result of
which the fractures were stopped. So fish-way internal surface hydro isolation is necessary, as a re-

habilitation measure.
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V]IK 338.47

HAIIPABJIEHUS YBEJIUMYEHUS PEHTABEJBHOCTH
UHBECTHUIINHA B TPAHCIIOPTHBIN CEKTOP
A3EPBAVIZKAHA

A.3. Ilamaes
AzepOaliKaHCKHI TOCYIapCTBEHHBIN YKOHOMUYECKUN YHHUBEPCHUTET,

Azep0aiikaHcKasi rocylapcTBEHHast MOPCKasi aKaJaeMust

Pe3ome. Paccmompena meopemuueckas 060CHO8AHHOCMb UHBECMUYUL, HANPABTIAEMbIX 8 MPAHC-
NOPMHBLU CEKMOpP, IPHEKMUBHOCNL MENCOVHAPOOHBIX MPAHCNOPMHBIX KOPUOOPOS, NPO-
Xo0swux uepes cmpauvl. Takdce npu nomowyu 0OWUX U CHEYUATbHBIX Memo008 Onpe-
oensemcs enusAHUe PaKmopa pemerU Ha UHMEHCUBHOCIb 2PY30NACCANCUPCKUX NePeBO30K

U mpaHcnopniHo2o cekmopa Ha peHl’l’la6€ﬂbH0cmb GIIOHCEHUA UHGQCWZUL}MI;.

KiroueBble cioBa: unsecmuyus, mpaHcnopmuulii cekmop, 2¢)ghexmusHocme.

1. BBEJIEHHUE

C uenbto obecrieueHus TOITOBPEMEHHOTO POCTa U CTA0MILHOCTH HAIMOHATHHON 3KOHOMUKH,
MEpONPUATHS, HANIPaBICHHbIC HA YBEJMYEHUE PEHTA0ETbHOCTH MHBECTUIMI B TPAHCIOPTHBIN CeK-
TOp, SIBIISIIOTCSL OJHUM M3 MPUOPUTETOB rocyrapcTna [1]. IHBECTUIIMOHHBIE BJIOXKEHUS, IO CBOEMY
HSKOHOMHYECKOMY HA3HAYEHHIO B COCTaBEe OOIIECTBEHHOIO MPOJYKTa, /Ui YAOBJIETBOPEHUS CIIpoca
Ha TOBapbl M YCIYTU SIBISIIOTCS OCHOBHBIM (DakTOpoM, 0OYCIIaBIMBAIOIIMM IIHPOKOE BOCIPO-
M3BOJICTBO OCHOBHBIX (oHIOB. [lepenaua ocHOBHBIX ()OHIIOB B MOJB30BaHKE, UX JOJTOCPOUHOE PEH-
TabeIbHOE HMCIONIb30BAaHKE, a TaKXkKe MPETBOPEHUE B KU3Hb MPEAINOaraéMbIX B OyIyIIeM MPOEKTOB
O6€CH€‘II/IBaIOTC$I MHBCCTUIIUOHHBIMU BJIIOXXCHUSAMMU. B MHBCCTUIIMOHHBIC BJIOXKCHUA B TpaHCHOpTHLIﬁ
CEKTOp BXOJIST CpPEACTBA, HANPABJICHHBIC B CTPOUTEIHCTBO TPAHCIIOPTHON HMHQPPACTPYKTYpHI, MPO-
KJIQZIKy JOpOT, IMPOU3BOACTBO WIM UMIIOPT TPAHCIOPTHBIX CPEIACTB U UX 3allaCHBIX 4YacCTei, yCoBep-

IMICHCTBOBAHUC CHUCTCMbI YIIPABJICHUA U ,Z[p.OCHOBHI:IM Ha3sHAYCHUCM HWHBCCTHUIIMOHHBIX BIOKEHUH
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SIBJISIETCS MOBBILIEHUE MOIIIHOCTH TPAHCIIOPTHOTO MPOU3BO/ICTBA B CTPAHE B COOTBETCTBUE C IIJIAHOM.
DTOT IpOIIECC OCYIIECTBIISAETCS KaK CTPOUTEILCTBOM U BBEACHUEM B 3KCILTyaTallMI0 HOBBIX MPOU3-
BOJICTBEHHBIX (JOH/IOB, TaK M MEPECTPOMKON M paCHIMpPEHUEM CYIIECTBYIOIIMX OCHOBHBIX (DOHJIOB.
VHBECTUIIMOHHBIE BIIOKEHHS SIBJIAIOTCS TJIABHBIM MCTOYHUKOM HIMPOKOTO BOCIIPOM3BOACTBA OCHOB-
HBIX (OHIOB. DTO OMpeensieT POCT MaTepHaIbHO-TEXHUUECKON 0a3bl, 3aHMMaEeT BEIyIIee MECTO B
YAy4IIEHUN KU3HEHHBIX U KYJIbTYPHO-OBITOBBIX YCIIOBUI HaceleHus. B TpaHcmopTHOM cekTope Ka-
MUTAIBHOE CTPOUTEIHCTBO OCYIECTBISICTCS 3a CUET MHBECTUIIMOHHBIX BIOKEHUN. MIHBECTUIIMOHHbIE
BJIO)KEHHS - 9TO TIOKa3aTellb MaTepUAIbHO-TEXHUYECKUX, TPYJIOBBIX U (PMHAHCOBBIX PECYpCOB, BbIpa-
YKEHHBIN JIEHEKHOM CYMMOI CpeICTB, HAIIPaBICHHBIX Ha BOCHPOU3BEIAECHUE HOBBIX, IEPECTPONKY U
MIEPEBOOPYKEHHE CYIIECTBYIOMUX (POHAOB. IHBECTUIIMOHHBIE BIIOKEHUS TOJIKHBI ObITh HAIPaBJICHBI
Ha TIOBBIIIEHUE SKCITyaTallMOHHON AEATENbHOCTH U SKOHOMHUYECKOH 3(h(EeKTUBHOCTH, yBETHMUEHHUE
MIPOU3BOIUTENILHOCTH TPAHCHIOPTHBIX MPENNPUATHH, YTydllleHHe TPYJOBbIX U ObITOBBIX YCIOBUH pa-
OOTHHMKOB TPAHCIIOPTHBIX MPEANPHUATUNA, yMEHbIIEHHE (HOHIa U MATEPHATIOEMKOCTH TIEPEBO30K U JIp.
paboT, yMeHbIlIeHnEe ce0ECTOMMOCTH MPOAYKTA M MOBBIIICHHE KayecTBa TPAHCIOPTHOM MPOAYKIIMH.
B nocnennee Bpemsi yBeanuuBaeTcs OOIIECTBEHHBIH KOHTPOJb 3a MOJYYEHHEM U PacXoJ0BaHHEM
CPEICTB, BBIIENISEMBIX Ha 3AIIUTY OKPYXAIOIIEeH Cpelbl OT 3arpsi3HEHUH B pe3yabTaTe SKCIUTyaTaluu
Tpancnopta [2]. Tpancnopt, HapsAy ¢ TAKUMU MHOPACTPYKTYPHBIMH chepamMyu S3KOHOMHUKH CTpPaHBbI,
KaK JHEpreTHka, cBs3b, 00pa3oBaHME, 3paBOOXPAHEHUE, YAOBJIETBOPSET MEPBUYHBIC MOTPEOHOCTH
KHU3HEAEATEILHOCTH OOILECTBA, Urpasi BAXKHYIO POJIb B JOCTHKEHUHU COLUAIBHBIX, IKOHOMHUECKHX,
BHEIIHENOJUTHYECKUX U JPYTUX IPUOPUTETOB rocyaapcraa [3].

®dakTop BpeMEHHU UTPaET MEPBOCTEIIEHHOE 3HAYCHNE KaK B ONTHUMM3AI[MOHHBIX pacyerax, TaK
U B pacyeTax Mo 0OOCHOBAHUIO IJIAHOB Pa3BUTHUS TPAHCIIOPTA, TaK KaK JUIsl BCEX €r0 BUJIOB Xapak-
TEPHBI:

- SPKO BBIpAKCHHAsl JHMHAMUKA POCTa 00BEMOB pabOThI; 3TAITHOCTH MPOLIECCa HApAIMBAHUS
MOIIHOCTH (TIPOITYCKHOW CITIOCOOHOCTH) COOPYKEHUI;

- HEOOXOMMOCTb CO3/IaHUSI YCTOMUYMBBIX 3HAYUTENIbHBIX MIEPBOHAUATIBHBIX PE3EPBOB MOIIHO-
CTH (TPOMYCKHOM CIIOCOOHOCTH) COOPYKCHHIA;

- JUIUTENIbHBIE CPOKU (PYHKIIMOHUPOBAHHS OCHOBHBIX IPOU3BOACTBEHHBIX (DOH/IOB;

- IEPEMEHHOCTh BO BPEMEHU TEKYIIUX TPAHCHOPTHBIX U3JEPKEK U UX CYIIEeCTBEHHAs qudde-
pEeHIMAIMS 10 CPAaBHUBAEMbIM BapUaHTaM;

- CYIIECTBEHHBIA pa3pblB BO BPEMEHU MEXKAY KAUTAIbHBIMHU BIIOKEHUSMU U 3PPEeKToM, C

HHUMHU CBA3aHHBIM (CyH_IeCTBOBaHI/Ie TaK Ha3bIBA€CMOI'O Jiara BpeMeHI/I);
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Metoabl ydera ¢akTopa BpPEMEHHM HIMPOKO PACHPOCTPAHEHbI HAa TPAHCIOPTE B pacyerax
CpaBHUTEIBHON M 0011eH SKOHOMHUECKOH 3 (PEKTUBHOCTH KAITUTAIBHBIX BIOKCHHA.

- OueHka BapuaHTOB MPOEKTHBIX PELICHWH C Pa3sHOBPEMEHHBIMU KalUTaJIbHBIMH BIIOXKE-
HUSMHU.

OCHOBHOI NPUHIUI y4eTa (aKTopa BPEMEHH B pacueTax CPaBHUTEIHLHON SKOHOMHUUYECKON -
¢dexTuBHOCTH copmynupoBaH B HamoroBom kojekce AszepOaifpkanckoir PecnmyOnmuku M 3akiiro-
qaeTcs B TOM, YTO €CJIU 110 CPAaBHUBAEMBIM BApHAaHTaM KallUTaJIbHbIE BIOXKEHHS OCYLIECTBIIIOTCS B
pa3Hble CPOKH, a TEKYILUE 3aTpaThl U3MEHSIOTCS BO BPEMEHHU, TO CPABHEHHE BapUaHTOB CIEIYeT
MPOM3BOANTH NPUBEICHUEM 3aTpar 0ojiee MO3IHUX JET K TEeKyLIeMy MOMEHTY IyTeM MpPUMEHEHHUs
K03(urenTa npruBeieHNs, YUIUTHIBAIOIIETO HEPABHOLIEHHOCTh Pa3HOBPEMEHHBIX 3aTpar.

OnHa M3 OCHOBHBIX NPUYMH HEPAaBHOLIEHHOCTH PA3HOBPEMEHHBIX KAIIUTAJIbHBIX BIIOKECHHUH
3aKJII0YAeTCsl B TOM, 4TO (DOH/ KaUTAJIbHBIX BIOXKEHUH B KaKIbIH JaHHBIII MOMEHT OIpaHHYEH U
HE MOJKET YJOBJIECTBOPHUTH MOTPEOHOCTH B HUX BCErO KOJMYECTBA OOBEKTOB, KOTOPHIE MOIJIU OBl
OBITh BKIIIOYEHBI B IJIaH KaIUTAJIBHOTO CTPOUTENLCTBA. [103TOMY, €cliu MpH peleHnn Kakoi-m6o
3aJja4uu BO3HMKAET BO3MOXHOCTb YacTh KAIIUTAJIbHBIX BIOKECHUH OTIIOKHUTH Ha 00Jiee MO3JHUI CPOK
(6e3 ymepba s ee pelmieHus), TO Takas OTCpOdYKa Bcerjaa menecooOpasna. [lepenecenue kamu-
TaJbHBIX BJIOXEHUN Ha Oosiee MO3AHUN CPOK HE MOKET OCYLIECTBISATHCS MPOU3BOIBHO U CBA3AHO C
OTpEICIEHHBIMU TPYAHOCTAMHU (HOPMHUPOBAHHME PACIPEIEICHUS BIOKEHHH MO roJaM CTPOHUTENb-
CTBa B INPOEKTE OPTraHU3allMH CTPOUTEILHO-MOHTAXXKHBIX Pa0OT, (UKCHPOBAHHOCTH MPUHSATOTO B
MIPOEKTE TEXHOJOTUYECKOTO MPOIIecca OCYIIECTBICHHUS padoT H T. 11.).

B pe3syibrare oTHECEHUS! KaUTAIbHBIX BIOXKEHUH Ha Oojiee MO3AHUN CPOK, BIIOKEHHS, BbI-
CBOOOMBIIMECS HA JAaHHOM YYacCTKE SIKOHOMHKH CTPaHbI, MOTYT ObITh 3(p(PEKTHUBHO MCIIOIB30BaHbI
Ha JIPYTOM €ro ydyacTke. TeM caMbIM CO3/aeTcs peajbHas BO3MOKHOCTh PACIIMPHUTh I'PAaHHIIBI Ka-
MUTAJIBHOTO CTPOUTENBCTBA B IUIAHE AAHHOTO NMEPHUOJA U, CIEA0BATEIbHO, PEUIMTH JOMOJHUTEIb-
HBIE 331a4M, YTO PABHOCHUJIBHO YBEJIMYEHUIO (DOHJIAa KAIUTAIbHBIX BIOXKEHUH.

Yepes ¢ net 3atpatsl K, nmpousBoauMble B HAcTOAIIEe BPeMs, SKOHOMHUUECKH paBHO3HAYHBI
sarparam K(1 + E,;).t Eciin 0603Ha4nTh yepes3 Byp K09 dunrenT, yauThIBAIONIMN MEHBIIYIO 3HA-
YUMOCTh BJIOXKEHMH, OTAAJIEHHBIX OT HAYaJIbHOIO CpPOKAa Ha ¢ JeT, TO IOJIYy4aeM pPaBEHCTBO
B,,K(1 + Eyp)" = K, otkyna

1

o v

rae By, - koo dunment npusenenus pasHOBPEMEHHBIX 3aTPaT;

{ - CPOK, Ha KOTOPBINA OTHAJISIFOTCS KAalTUTAJIbHbIE BIIOKEHHUS;
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E,n - HOpMaTuUB NMpPUBEJCHUS Pa3HOBPEMEHHBIX 3aTpaT; MPH JACHCTBYIOLIEM MOPSIKE HAYUC-
JICHUS aMOPTHU3AIMOHHBIX OTYMCICHUN BEIMYMHA ATOI0 HOPMaTUBa yCTaHOBIeHa Hamorosbim
KoziekcoM Azepbaiimpkanckoit Pecniyonuku, pauoi 0,22.

B dopmyne cnoxubix mporeHToB (1), Hameameid Hanbonee MMPOKOE MPUMEHEHHE B TIPOCK-
THOMW MpaKTHKe, MPEANOoIaraeTcs, 4To MOTYYEeHHBIA B KOKIOM roay 3pQeKT npeBpariaercs B Karu-
TaJbHBIC BIOXKEHUs cienyromero roja. CienoBarenbHo, (opMysa CIOKHBIX MPOIEHTOB ONHCHIBA-
€T IUCKPETHBIN MPOIIECC TOJTYYCHHUS U UCIIOIb30BaHus d((eKTa ¢ MHTEPBAIOM B OJIMH TOoA. B aKo-
HOMHYECKOH JIUTEpaType MpeaiaraoTcs Apyrue GopMmyIibl pacuera KoddduumeHTa npuBeaeHus —
MPOCTHIX MPOIICHTOB U YKCTIOHEHIINATBHOMN (DYHKITHH.

[TpuBeneHre pasHOBPEMEHHBIX BIIOYKCHHI B COMOCTABUMBIN BHJ HE MUMEET LEIbI0 U3MEHUTH
CMETHYIO CTOMMOCTH CTPOHUTEIHCTBA U €€ YacTeH, MPUXOMAIINXCS Ha Pa3IndHbIe ropl. OHO HYKHO
IUISL TOTO, YTOOBI YUecTh BIUsHHE (aKTOpa BPEMEHHU NPH CPaBHEHUHU BapHaHTOB. COOTBETCTBEHHO
MIPUBEJICHHbBIC BEIMUUHBI COXPAHIIOT CBOE 3HAYCHUE TOJIBKO Ha MEPHOJ] COMOCTABICHUH il BHIOO-
pa BapHaHTa M HE MOTYT 3aMEHUTH CMETHYIO CTOUMOCTh OOBEKTOB.

Hcxons u3 chopMyTMpOBaHHBIX BBIIIE MPUHIIMIIOB, IPU OJHOATAMHBIX KATUTATBHBIX BIIOXKE-
HUSX U MEHSIOLINXCS €KErOHbIX IKCIUTyaTallMOHHBIX pacxojax (KOorjaa cTposuirecs oObEeKTHI 3a-
IpY’KaloTCsl HE cpa3y, a MOCTEINEHHO), BAPUAHTHI CPABHUBAIOTCS IO CYMMAapHBIM 3aTparaMm 3a pac-

YETHBIN CPOK U3 YCIIOBUS

_ th__ Ce _ .
3, = Ko + 21 AT Eay — min, 2)

rae Ky - kanuranabHble BIOXKEHUS, POU3BOAMMBIE B MEPBOHAUAIBHBIA MEPHOJ 10 IKCILUTyaTallMH
o0BbeKTa, MPUHUMAEMbIE 3a HYJIEBOH TOJ;
C; - €KeroJIHbIe SKCIUTyaTallMOHHBIE PACXObI 10 TOAaM Pacue€THOTO NEPHOJIA;
t, - PaCYETHBIA CPOK B TOJIaX; €r0 BEJIUYMHA JI0JDKHA OBITH OJIMHAKOBOM JUIS BCEX CPABHUBAE-
MBIX BapUAHTOB U MPUHUMATHCS PABHOU CPOKY JOCTUIKEHHS paCUETHON MOIIHOCTH, HArpy3KU
WIN TPONYCKHON crnocoOHOCTU. [IpM MHOTOATANHBIX KalmUTAIbHBIX BIIOKEHUSX U MEHSIO-
HIMXCS MO ToJIaM SKCIUTyaTallMOHHBIX pacxojax (4TO XapakTepHO JJISl MPOEKTHBIX PEUICHHIA,
Pa3IMYaONIUXCSl CPOKAMH CTPOUTENBCTBA U OYEPETHOCTHIO BBOJIA B JIEWCTBHE IYCKOBBIX
00BEKTOB) ONTHUMAJIbHBIM BapuUaHT BBHIOMPAETCS MO MUHUMYMY CYMMAapHBIX 3aTpaT 3a BECh

MIEPUO]T CPABHCHHS:
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3 K+Z s +Z R S
=K, ..
¢ 1 (1 + EHn)t (1 + EHH)t 1 (1 + EHn)t (1 + EHn)t
1
+— Z _ Gt _ = min (3)
(1+E Dt thtl (14E,,)t ’
rae Ky, K,, ..... K, - KanuTajabHbIC BJIOKEHHS, TPOU3BOIMMBIE TTOATAITHO COOTBETCTBEHHO YEpE3
tl, ty, ...ty JET B IEPHOJ] IKCILTyaTallil OOBEKTA,
Ct X ,Ztl +1Cty s o ZE; +1 Ct, - CyMMa €KErofiHbIX SKCILTYaTallHOHHBIX PAcXoJI0B 3a Bpe-

Ms MEXIY IBYMSI CMEKHBIMU 3TAllaMU KaIIUTaJIbHBIX BJIOKCHUN;

f. - mepuoj cpaBHeHUs B Tojax.[IpoJomKUTeIbHOCTh Iepruoa CPaBHEHHS TOJDKHA OBITH OJTH-

HAKOBOH Ui BCEX CpPaBHUBAEMBIX BapUaHTOB. Ero mpoaoKUTENbHOCTh YCTAHABIMBAETCS

TakuM 00pa3oM, 4yTOOBI CPaBHMBAEMbIE BapUaHTHI B KOHIIE 3TOr0 MEPHOAA MO BCEH TEXHH-

4eCKOH BOOPYKEHHOCTH PELIay MOCTaBJIECHHYIO 3a/lady U MOIIM OBITh NPUHATHl SKOHOMHU-

4eCcKU Hepa3ninuuMbIMuU. [lepuosn cpaBHEHUs peKOMEHAYETCsl MPUHUMATh paBHbIM 15-20 ro-

JlaM ¢ Hayasla 3KCIUTyaTallly EpBOTro 00beKTa KoMIuiekca [4].

dopMamMu BOCIIPOU3BOJICTBA OCHOBHBIX (JOHAOB HAa TPAHCHOPTE SIBIISIOTCS:

- KanuraneHoe CTpOUTENBCTBO KAK MPOLIECC CO3aHUS HOBBIX, PEKOHCTPYKIIUHU WJIX PACIIUPE-
HUS JIEUCTBYIOUIMX (DOHIOB MPOU3BOACTBEHHOIO M HEMPOM3BOACTBEHHOTO Ha3HAUCHHS, a TaKXKe
MOHTa)ka 000pYJI0BaHUSI.

- BBo# B nelicTBue MalinH, MEXaHU3MOB M 000PYIOBaHUs, HE TPEOYIOMUX MOHTaxa. Pe3yib-
TaThl 3TUX (OPM BOCIPOU3BOJCTBA B NMPAKTHKE IUIAHUPOBAHMS BHICTYNAIOT B BUJE €AMHOIN SKOHO-
MHYECKOM KaTeropuu - BBOJA B ACHCTBUE OCHOBHBIX (DOH/IOB.

- Ora KaTteropus BKIIOYAET BEJIMUMHY BO3MEIIEHUS BBHIOBIBIIMX OCHOBHBIX (DOHMIOB, T. €. pe-
3yJIbTaT UX MPOCTOTO BOCIPOU3BOJCTBA, U BEJIMYMHY IPUPOCTa OCHOBHBIX (DOHIOB, T.€. pE3yJbTaT
UX PacCIIMPEHHOTO BOCIIPOU3BOCTBA.

[InaHbl KaNUTaIBHBIX BIOXKEHUH MO TPAHCIOPTY AODKHBI IPEyCMAaTPUBATh Pa3BUTHUE €TO 10
YPOBHSI, 00ECTICUUBAOIIIETO:

- IEPEBO3KHU I'PY30B U MIACCAKUPOB B COOTBETCTBHM C NEPCIEKTUBAMHU POCTa DKCIIOPTA U UM-
OpTa NPOAYKIUH ITPOMBIIIJICHHOCTH U CEIILCKOTO X0341CTBA;

- pa3BUTHE IPOU3BOJUTENBHBIX CHJI B 5KOHOMUUYECKUX paliOHaX ;

- IOBBIILIEHUE MATEPUAIBHOTO U KYJIbTYPHOT'O YPOBHS HAaCEJIECHHUS;

- TEXHUYECKHI MPOrPecc Ha TPAHCIIOPTHOM XO3SIICTBE;

- KOMIIJICKCHYIO MEXaHU3allWuI0 U aBTOMAaTU3alluIO TPaHCIIOPTHBIX ITPOLECCOB.
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2. OCHOBHASA YACTb

AHaJM3 MOJIy4eHHBbIX pe3yJjbTaToB. biaromaps ycwmmsm [eiimapa AnmeBa B A3epOaii-
JKaHe OB MPOBEIEH MEXKIYHApOIHBIN (GOpyM MO BOCCTAHOBJICHHUIO U pa3BUTHUIO Bennkoro men-
KOBOTO IyTH, B KOTOPOM Y4acTBOBAJIH IPEACTaBUTENN 42 cTpaH MUPA, U3 KOTOPBIX BOCEMb ObUIN
npencTaBieHsl npesuaeHTamMu. Kak otmetnn Ha 3ToM (opyme B ceHTsiOpe 1998 ronma [elimap
AunneB: “bakMHCKUN CAMMHUT CBITPAET CBOIO MCTOPUYECKYIO POJIb B PA3BUTHUU COTPYAHUYECTBA,
oOecrieueHUH MUpa, 0Jaromoyydusi U MPOIBETAHUS B KaXKJIOM cTpaHe M HAa BCEM €BPa3UHCKOM
IIPOCTPAHCTBE .

OcHOBHBIE 11€7TN Pa3BUTHUS BEIUKOro ncropudeckoro LllenkoBoro myTu BelpaxxaroTcs B cie-
TYIOIIEM:

® pa3BUTHE TOPrOBO-IKOHOMUUYECKUX OTHOILIEHUI CTpaH pEruoHa;

® pa3BUTHE TPAHCIIOPTHBIX COOOLICHUH - MEXKIYHApOJHBIX MEPEBO30K TPY30B U Iacca-

e co3JaHMe ONMAroNpUSATHBIX YCIOBUHM ISl TPAH3UTHBIX IIEPEBO30K;

® YCKOpEHHE CPOKOB JIOCTAaBKH U COXPAHHOCTH MEPEBO3UMBIX I'PY30B;

® TapMOHM3AIMS TPAHCIOPTHOU MOJUTUKY;

® JILrOTHI Ha TapU(BI TEPEBO30K U HATIOTOOOI0KECHHUS;

® KOOpPAMHHPOBAHUE B3aUMOOTHOILIECHUI MEXKIY Pa3IMUHBIMU OTPACISIMU TPAHCIIOPTA,

® COrjacoBaHHas MOJUTHKA B OOJACTH MEXIYHAPOJHBIX U BHYTPEHHHX TapH(OB Ha Ipy30-
BbIE U MACCAXUPCKUE MEPEBO3KU;

e pa3paboTKa MpPOTrpaMM COTJIACOBAHHBIX JEHCTBUI MO OpraHU3alyd MYJbTHUMOAAIBHBIX
(KOMOMHUPOBAHHBIX ) TIEPEBO30K.

Crenyer OTMETHTD, YTO reorpadudeckoe noioxenue AsepOaiikana u, COOTBETCTBEHHO, €T0O
poib B BenukoM I1IenkoBoM myTH SBISIIOTCS KIIOYEBBIMH, €CITU YUECTh €Ille U TO, UTO B pecryOimKe
JOCTaTOYHO XOPOULIO Pa3BUTHI BCE BUABlI TPAHCIIOPTHBIX CPEJCTB U MarucTpasieil (Bo3AyIIHbIH, XKe-
JIE3HOIOPOKHBIN, MOPCKON ¥ aBTOMOOUITLHBIN) [6].

19-ro okTsa0pss 1995-ro roma OBUIM YCTAaHOBIJIEHBI J1Ba HE(PTENPOBOAHBIX MapuIpyTa JUis
TPAHCIIOPTHPOBKH HA MUPOBBIE PHIHKK HE(TH, NOOBIYa KOTOPOW IIAHWPOBAIACH B azepOaiiikaH-
ckoM cektope Kacmmiickoro mops. Ilepswiii mapmpyt HaszwiBasics CeBepHblid MapmpyT. OOmias
npoTsbkeHHOCTh HedTenpoBoaa baky—Iposnsiii—Tuxopenk—HoBopoccuiick cocrabnser 1346 kM, B
toM uucie 230 kM o Tepputopun AszepOaiimxana. 25-ro okraops 1997-ro roga mo sTomy map-

mIpyTy ObLIa SKCHOPTHPOBAHA TEepBasi MapTUs HEPTH.
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Bropoii HedTenpoBon — 3amamgHblii MapmipyT, o0mmas MPOTSHKEHHOCTh KOTOPOTO COCTAaBIISIET
920 kM (480 kM HedTempoBOAA MPOXOIUT IO Tepputopun AsepbOaimkana). lanuslii HedTenpoBon
ObUT cmaH B dKcInTyatanuio 17-ro anpens 1999-ro roma. IlocpenctBom 3toro Hedrenporoaa, ume-
Hyemoro baky-Cymnca, B roj B 3anaJiHple CTpaHbl TPAHCIOPTUPYETCsI 15 MUIITMOHOB TOHH HE(PTH.

B 10 xe Bpems, HaumHas ¢ 2006-ro roja, craya B JKCIUTyaTaluio HedrernpoBoaa baky—
Tounucu—/xeiixan crana rapaHToM BbIXoJa a3epOaiiykaHCKOM HeTH Ha MHUpPOBBIE phIHKH. ITo
3TOMY HE(TENPOBOAY B 0]l HA MUPOBBIE PBIHKH TpaHCHOpTUpYeTcst 50 MIIIIMOHOB TOHH HE(PTH.

OOw1ast NpOTAKEHHOCTh MAarMCTPAIBHBIX TPYOOIIPOBOIOB HA TEPPUTOPUU CTPAHBI COCTABIISIET

4,6 TeICSTUM KM. [9].

TpaHcaHaToMiicKuii razonposon [7]

AzepbaiixaHO-TypeIKoe MEKIPABUTEILCTBEHHOE COTJallleHHue IO CTPOUTENBCTBY Ta30Ipo-
Boga TANAP 6110 moamucano 25 utons 2012 roga B CramoOyse. [lepBoHadanbHas mpoIrycKHas
CIOCOOHOCTH TPYOOMPOBOJIA, KAK OKUIACTCS, JOCTUTHET 16 MWITHApIOB KyOMYECKMX METPOB B
roa. OKOJIO IIeCTH MUJUTUAPIOB KyOOMETpoB OyeT mocTaBisaThes B Typuuio, a ocTanbHoe - B EB-
pony. B Typuuto ra3z nmomagetr yxe B 2018 roay, a mociie 3aBepuieHusi ctpouTenbcTBa TpaHcan-
puatnyeckoro razonposoja (TAP) ra3z mocrynut B EBpony npubnusurensro B Havane 2020 rofa.

OO01mast CTOMMOCTh MPOEKTa orieHuBaeTcs B 10 MumuirapaoB n1oiutapos [7].
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AzepbaiikaH, pacroyio)KEHHBIN B CTPATETHYECKU BaYKHOM PETMOHE — HA MEPECCUYEeHUH IBYX
OCHOBHBIX MEXAYHapOAHbIX TPAaHCHIOPTHBIX Kopuaopos ¢ Cesepa Ha fOr u ¢ Boctoka Ha 3anan, Ha
MPOTSHKEHUH BEKOB UTPAJT YHUKAJIBHYIO POJIb MOCTA MEXAY HUMH.

[IpoBoasTCS MHTEHCUBHBIE paOOTHI IO CO3AAHUI0 MEXIYHAPOAHOTO TPAHCHIOPTHOTO KOPUIO-
pa «Cesep-tOr». Ilpucoeaunenue AzepOaiimxanckoit PecnyOonuku kK 3TOMy TpaHCIIOPTHOMY KOpH-
J0py oA00pU B CBOE BpeMsi oOIIeHannoHanbHbI nuaep [eiinap Amues. C ero corimacusi B 3TOM
HaIpaBJI€HUN OBLIN MPOJAEIAHbI PsJl BaXHBIX paboT. C TeX MOp 3TU BOMPOCH! MOAPOOHO 00CYKIa-
JIUCh Ha MHOTOYHMCJICHHBIX BCTpEYaxX PYKOBOACTBA MUHHCTEpPCTBA TpaHCHopTa A3epOaiKaHCKON
PecnyOnuku ¢ pyKOBOIUTENISIMU TPAHCHOPTHBIX BEJOMCTB U COOTBETCTBYIOIIMX CTPYKTYp Poccuii-
ckoii @enepaunu u Vcnamckoii Pecniy6onmku Mpan.

Cornamenrue 0 MeXIyHapOaHOM TpaHciopTHOM Kopuaope «Cesep-tOry 6buto moamucano 12
centsa6ps 2000 rona B Cankr-Iletepbypre mexay Poccuiickoit @enepanueii, Ucnamckoi Pecmy6-
mukoil Upan u Unnueit. Cornamenne Betynuio B cuiry 21 masg 2002 roja - nocie mpoxoKAeHHs
BHYTPEHHUX MPOLEAYP B YKa3aHHBIX cTpaHax. OHO OXBATHIBAET BCE BUIBI TPAHCIIOPTA: TPAHCIOP-
THYIO HHQPACTPYKTYpY U TPAHCHOPTHBIE CPEACTBa, 00eCIeUrBAIOIIIe EPEBO3KU KEIE3HOA0OPOXK-
HBIM, MOPCKHUM, aBTOMOOUJIbHBIM, PEYHBIM U BO3AYIIHBIM TPAHCIOPTOM, 3a UCKItoueHueMm Wuauu,
ydacTue KOTOpPOH MpenyCMaTpUBAETCs TOJIBKO B MEPEBO3KAX MO MOPCKUM MapuipyraMm. [Iporaosst
MOKa3bIBAIOT, YTO (yHKIMOHMpOBaHUE Kopuaopa «CeBep-HOr» B MOJIHYIO CHITy CO3/acT yCIOBUS
JUI BBIXOJIa eBponeiickux crpal, Poccun, pernonos LlenTpansHoit A3uu u KaBkasa B HanpaBieHUH
[Tepcuackoro 3anmuBa u MHanu, npuBeneT K MHTEHCU(PUKAIIMK TOPTOBBIX OTHOIICHHUHN MPUKACITHH-
CKHMX TOCyAapcTB ¢ mopramMu YepHOro Mopsi. OTOT KOPUAOP MO3BOJIUT YBEIUUYUTH >KEJIE3HOIOPOXK-
HbIE NIEPEBO3KU U, COOTBETCTBEHHO, 10XObI XKEJIE3HOAOPOKHOTO TPAHCIIOPTA, KaK OT MECTHBIX, TaK

U TPaH3UTHBIX NepeBo30K Mexay EBponoii, FOxxno#t Asueit u binxaum Bocrokom [§].

3. 3AKVIIOYEHUE

OneHka palnMOHAIBHBIX WHBECTUIIMOHHBIX MPOEKTOB, IMJIAHUPOBAHWE HA OCHOBE INpEABapHU-
TEIBHOTO aHallu3a, OpraHu3alus MpeArnojaraeMbeix B OyAylieM paOoT TPaHCIOPTHBIX MPEANpH-
ATUH, PErylMpOBaHUE EATEIBHOCTU B pe3yabTaTe MPHUCIIOCOOICHHUS K KOHKYPEHTHOM cpene co3-
Jar0T BO3BMOXHOCTD JJI1 JOCTUXKECHUA ITOCTAaBJICHHBIX LIGJI@I\/'I " OPOAOJIKUTCIIBHOTO MEPCIICKTUBHOT'O
pa3BUTHSL TPAHCIOPTHOTO CeKTopa. B HacTosimiee Bpemst aiisi Oe30macHOM, ymoOHOW M CBOe-

BPEMEHHON JOCTABKH TPY30B M MACCAKUPOB 10 HYKHBIX TYHKTOB HEOOXOIUMO 0OecrieueHrne nHTe-
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HCHUBHOMW JEATEIBHOCTH PA3IUYHBIX BUAOB TPAHCIOPTA. {1 MOBBIIEHUS YPOBHS JOXOJ0B Ha Tpa-
HCTIIOPTHBIX MPEINPUATHSIX M TPAHCIOPTHBIX CPEACTBaX HEOOXOAMMO BHEIPEHHE HOBEHMIINX TEX-
HOJIOTHUYECKUX JOCTHKeHUH. [Tpon3BOICTBO BEICOKOTEXHOIOIMYHOIO MPOIYKTa TPeOYyeT KPYMHbIX
¢buHaHCOBBIX pecypcoB. MccnenoBaHusi MOKa3bIBalOT, YTO (PMHAHCOBBIE PECYPCHI, HANpPaBJIECHHBIC
Ha COBEPIICHCTBOBAHUE YIIPABJICHU, CO3JaHUE HAAEKHOU CPEbl U YCIIOBUM 310POBOM KOHKYPEH-

IIUH IPHHOCST MOJIOKUTEIbHBIE Pe3yIbTaThl B paboTe TpaHcmoprta [5].
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VIIK 693.54

N3YYEHUE KUHETUKHU PACIHUPEHUA U CAMOHAIIPSKEHUA
HEMEHTHOI'O KAMHA U3 HAIIPAT'AIOIIEI'O HEMEHTA
METOIOM I'OJJOT'PA®UYECKOH UHTEP®EPOMETPUU

I'.J1. JanaknmBuiau, K.P. Xazanua

(I'py3uHCKMI TEXHUYECKUN YHUBEPCUTET)

Pe3stome. Vcnonvzosanuem memooa eonozpaghuueckoui unmepgepomempuu 8ulasisemcs HepaeHO-
MepHbILL XapaKmep pa3gumus COOCMEEHHbIX HANPANCEHUL KAK 60 8peMeHU, MakK u no 00b-
emMy yemeHmHo2o Kamus. B pezynomame 3epna 3anonnumerns, a maxkice apmamypa ucnbi-
mulaiom 6o3oeticmeue yCunull, MeHAIOWUXcs 60 6peMeHU NO0 HANpAIeHUuro U GeluyuHe.
Omo modicem cmamob NPUYUHOL PACULAMBIBAHUL CMPYKMYPbl 6eMOHa, 8 HEeKOMOpPOoU cme-
neHU 0C1a0aAs NOOHCUMENbHYIL AP dexm, docmueaeMblil Om NPUMEHeHUsT Hanpa2anujux

I/1eMEHMOE.

KiroueBble cjioBa: conocpaguueckas unmepghepomempus, Oegopmayus, OUHAMOMEMPUUECcKoe
KONbYO, 3aNOIHUMENb, NA3ep, CAMOHANPALAIOWULI YeMeHm, mpewunooopazosanue; mam-

puya.

1. BBEIEHHUE

3a mocienHee BpeMsi LIMPOKO Pa3BEpPHYIHCh HAy4YHbIE HCCIEIOBAaHUS B 00JIaCTH COBeEp-
[IICHCTBOBAHUS HANPATAIOIIUX IIEMEHTOB U OETOHOB. PabOThl B 3TOM HampaBIeHUH BEAYTCS BO
MHOTHX Hay4HBIX IeHTpax. Bc€ Oomblee pa3BUTHE HAXOIUT MPOU3BOJICTBO 3TOTO BBICOKO3(dek-
TUBHOT'O CTPOMUTEIHLHOTO MaTepHasa, pacHIupseTcss 00lacTh ero NpUMEHEHHUs, B TOM YHcie B THl-

POTEXHUYECCKOM CTPOHUTECILCTBE.

2. OCHOBHASA YACTb

Pacmmpsrommiics uemeHt
1. Haugano cxBaTbIBaHUsI BOJIOHENTPOHUIIAEMOTO PACLIUPSIONIETO IIEMEHTA - HE paHee 4 MUH,

a koHerl - He mo3aHee 10 muH. CxBaThIBaHUE MOXHO 3aMeNIUTh go06aBkoit CJIb, ykcycHoM kucio-
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THI U Oyphl. JInHelHOe pacmmpenue - yepe3 1 cyr. TBepaeHue 1eMenTa 10JbKHO ObITh He MeHee 0,2
u He Oonee 1%.

2. Hanpsraromuii IeMEeHT MpU 3aTBOPSHUH BOJIOW CHavYaia TBEpACET U HaOUpaeT MPOYHOCTD, a
B TIOCIIEIYIOIIEe BpEeMsl pacIIMpsieTCs M Hampsiraet 0eToH M kene3o00etoH. [IpumeHstorT camoHarn-
pSraroIuil IIEeMEHT B CTPOUTEIbCTBE OETOHHBIX IIOTHH, ISl M3TOTOBJIEHHS HAIIOPHBIX TPYO, HArop-
HBIX 1 OOBIYHBIX PE3EPBYaApPOB Ui BOJOCHAOKEHUS, IEMEHTHO-OETOHHBIX MOKPHITUI a3pOAPOMOB U
IIPU CTPOUTEIHCTBE MOPCKUX COOPYXKEHUH (3TOT 1ieMeHT moinydeH B.B. MuxaitioBeim).

3. Pacmmpsromuiics n/uement (PIIL]) — ruapaBianuecko-BsKyIee BELIECTBO, MOTY4aeMoe
COBMECTHBIM TOHKHM IOMOJIOM II/IIEMEHTHOrO KJIHMHKepa - 58-63%, IIIMHO3eMHCTOro IIaKa U
KIIMHKepa - 5-7%, rurnca - 7-10% u rpanynupoBaHHOro gJoMeHHoro nuiaka 23-28%. (PIIL[) 6sictpo
TBEPJACET B YCIOBUSAX KPATKOBPEMEHHOTO MpOMapuBaHus, 001a/1aeT BHICOKOW MIOTHOCTBHIO U BOJIO-
HETMPOHUIIAEMOCTBIO BO BIAXHOHW Cpejie B T€UEHUE 3 CYTOK TBEpIEHUS, 00JIagaeT CoCOOHOCTHIO
paciupeHus..

[enbto uccnenoBanus ObUIO M3yYEHHE KMHETUKH PACIIMPEHHS] U CAMOHAMPSKEHUS IIeMEH-
THOTO KaMHS, MPUTOTOBJIEHHOTO HA HAINPSTAIOIIEM LIEMEHTE, MPU JIBYXOCHOM OTrpaHWYEHHUU Jie-
¢dopmanuu. MccnenoBanue npoBOAMIOCH METOJOM Toyiorpaduyeckoil mHTEphEepoMeTpuu, Mmo3Bo-
nsromet 6e3 KoHTakTa ¢ o0pas3laMu MojyyaTh Kak KaueCTBEHHYIO, TaK M KOJMUECTBEHHYIO OLIEHKY
nehopMUpOBaHHOTO cocTosiHUA Tena [ 1, 3].

JIByxocHOe orpaHudeHue jAeQopMmalii pacliupeHHs] LEMEHTHOrO0 KaMHS OCYILECTBISIIOCH
MpY MTOMOUIN JUHAMOMETpHUYECKUX Kojell. OHU ke CIyKuiIu U GOpMOi sl U3TOTOBJIEHUS 00pas3-
110B. /[uHaMOMeTpHUecKre KOJblia MPEICTaBIsUIM COO0M IWIMHAPHI, IPUTOTOBICHHBIE U3 CIICIH-
aJIbHOM CTaJM C BBICOKHM TIpeesioM yrnpyroctu. Pazmeps! kosner 0putn: nuamerpoM 100mMM, BBICO-
Toi 30MM, TONIIMHON cTeHKH - 1,2 u 3mm. Tlocnegnelr MoaenupoBagack pa3Has CTEEHb OTpaHU-
YeHMsI pacCIIUPEHUs [IEMEHTHOTO KaMHS IIPU MPOLIEHTaX apMUPOBAHUS COOTBETCTBEHHO 2.4.

beut mpumenen Hampsiratonmii iemeHt HL[-20, npeanoxxenusiii nmpo¢. B.B. MuxaiinoBsim.
XapakTepucTHKa [IEMEHTa: CPOKM CXBAaThIBaHUSA - Hadano 45 MuH, KoHel - 2 yaca 40 MuH, HOp-
MajibHas I'ycTOTa IIeMEeHTHOro Tecta - 28,5%, B/11=0,4.

C menpro U3y4eHHUs] KHHETUKHA 00KaTHs apMaTypHBIX CTepKHEH mpu (HOpPMHPOBaHUH O0pa3-
II0B, B LEHTPAJILHOW YaCTH BTAIUTUBAIMCH CTAJIbHBIC HMIMHAPHI TIaKOro npoduis nuamerpoMm 20
MM u anuHoi 30 MMm. OTdopMHpOBaHHBIE 00pa3lbl YKIAIBIBAINCH B SKCUKATOP C OTHOCUTEIIbHON
BJIQXHOCTBIO cpenbl 99%. [locne 24-yacoBoro xpaHeHusi 00pasibl U3BIEKAINCh U3 SKCUKATOpa U
YKJIaIbIBAIMCh Ha CHEIHATBHYIO ATAKEPKY AJIs MoTydeHus ronorpamMm. CbeMka roiorpadpuiyeckux

uHTEpPEpOrpaMM MPOU3BOIMIACE OJHOMOJOBBIM TelIHi-HEOHOBBIM Jazepom JIITH-215 momiHo-
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cteio 60 MBT, nnuHo# BosHbI 632,8 Nm, o ABYXJy4yeBOM CXeME METOJO0M JBOMHOW 3KCIIO3UIIUU.
Bpewms sxcnozunmu 50 cexynz. O6mias npoJoKUTENIEHOCTE CheMKHU TOJIOTPaMM MEX1Y KCIIO3H-
IHUSMHU C Pa3JIMYHBIMU MHTEpBaJaMu BpeMEHH cocTaBiisuia 168 dacos. [1o 3aBepiieHuio sKcnepu-
MEHTa MPOU3BOJMIOCH BOCCTAHOBIEHHWE M CUUTHIBAHUE HMHTEp(hEporpamMM C LENbIO ONpeAeTIeHUs
BeMYMH aedopmanui [1, 4].

JluHamoMeTprudeckoe Koubllo, popmMbl a1 popMHUpOBaHUs 00pa3IOB, U3TOTOBIEHBI U3 CIIe-

[UATBHON CTaJIM C BBICOKUM IPEJEIOM YIIPYTOCTH.

AnHamomeTpudeckoe

KOAbLUO
3anoaAHUTEeNb

TpewuHa

Puc. 1. UaTepdeporpamma nedopmanun Puc. 2. UaTepdeporpamma nedopmanun
pacuIMpeHUs HANPSATAOLIero HeMeHTa, TOIIIHHA pacuIMpeHUs HANPSATAOLIero eMeHTa, TOIIIHHA
CTeHKHU JHHAMOMETPHYecKOoro koanua 1 Mm, CTeHKH JHHAMOMETPHYECKOro KoJabua 3 MM,
Bo3pacT o0pa3na 45 yacoB BO3pacT o0pa3na 72 4acoB

Ha puc. 2 - 30Ha pa3BuTUA HaNpsHKEHUS U MUKPOTPELIMH B KOHTAKTHOW 30HE MaTPUIBI Iie-
MEHTHOTO KaMH$ U 3aIlOJIHUTEINSI, KOTOpbIe OBbLIN BBISIBICHBI METO/IOM rojorpaduueckoi nutepde-

poMeTpuu, npu 24-KpaTHOM yBEITMYEHUH HE ObUIN OOHAPYKEHBI.
3. 3AKJIIOYEHUE

AHann3 moy4eHHBIX ToNorpadudecKux HHTEpPeporpamMm mokasai CieayroIiee:

1. dedopmarust paciimpeHuss ”HTEHCUBHO pa3BUBAJIACh B IIEPBbIE 3-5 CYTOK, IOCIIE Yero OHa

IMOCTCIICHHO 3aTyXxajia.

2. Jlepopmanuu pacmmpeHust B 00pas3iax ¢ Majoi CTENEeHbIO OrpaHUYCHUS (TMPOICHT apMH-

poBaHus 2) ObUTM 3aMETHBI C CAMOT'0 Hayasla 3KCIIOHUPOBaHUS rojorpamm. Ilpu Gonpimux orpaHu-
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YEHUSAX 3TO HAOII0NAN0Ch, HAYMHAA ¢ 2-3 cyTOK. COOTBETCTBEHHO, U CHaJl HHTEHCUBHOCTHU PaCIIH-
PEeHMS IIPU MAJIOH CTETIeHU OrpaHUuYEHUs HaOoaancs B 0ojiee paHHUE CPOKH.

3. 3a Bpems HaOmoAcHU#, mmuBmuxcs 10 CyToOk, XapakTep pacrojoKeHHus HHTepdepeH-
LMOHHBIX IOJIOC TpeTepreBal M3MEHEeHUs. B HauvaiabHBIA NEpHoj OpHEHTalus WHTep(epeHIu-
OHHBIX TOJIOC MPHUOJIIKANACh K TOPU3OHTAIbHOW. B manpHelineM, mo Mepe pocra caMOHAmNps-
KEHHUsI, KOHIIBI TOJIs 3arudairch BBEPX W MOCTENEHHO NMPUHUMAIM BUJ KOHLIEHTPUUYECKUX KOJIEIl,
ATOT MPOIECC MPOXOAUI B OoJiee MEIJICHHOM TeMIle TPy OOJBIICH CTeTIEHH orpaHudeHus nedop-
Malui.

AHanu3 3TOTo SIBJICHUS MOKa3aj, YTO B HAYaJbHBIN MEpuo] pa3BUTHs Aedopmaruii mpeod-
Jaano BIMsSHUE COOCTBEHHOro Beca oOpasuoB. B mocnemyiomieM, o Mepe pa3BUTHS CaMOHAI-
PSDKEHUS, POJIb COOCTBEHHOTO BECa B pa3BUTHUU Je(HOPMHUPOBAHHOTO COCTOSIHUSI 00pasiia CTaHOBHU-
nach He3aMeTHOM. Ha ponb coOCTBEHHOTO Beca B BOZHMKHOBEHUU MHTEP(EPEHIIMOHHBIX MOJOC B
HayvaJbHbIE CPOKHM TBEPICHHS YKa3bIBaeT W UX 0OJiee 4acToe pacroyioKeHUE B HMKHEW 4acTu 00-
pasLoB.

B 3akiioueHre MOXKHO OTMETHTb, UTO METOJ Tosorpadudeckoil HHTEphEepOMETPUN TTO3BOIHII
MOJIYYUTh TOJIHYIO KapTUHY Je(OPMUPOBAHUS CAMOHAIPSKEHHOTO OETOHA MPHU Pa3IMYHBIX BHIAX
apMUpPOBaHMsL, YTO OyJEeT CII0OCOOCTBOBATH BBIPAOOTKE O0Jiee pallMOHATBHBIX IPHEMOB KOHCTPYHPO-

BaHUs JKeJIe300€TOHHBIX 3JICMEHTOB.
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IS8 626.627

6535b3563ILOL RORHFIRN LOFIRSAHOL dSbLOLRIMS. o, sSbgemgeosbo, o. am-
30E3dg, 3. Sbgm ge0sbo, b. dado@ys // Jo@dmobgobgdos, Nel-2(23-24), 2017, ag. 68-77.

@903y LodobOm  g3mbmdogols  300mdgddo, @g3md9bgdaeos  3gbgdol  g3m-
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Lo, Geao 681 396¢/336-bo-ob s 543 (396@/ 338 -bo-obs.

boggobdm Lodyggdo: 3glgdbg wopadyamo Loddgsg®g; Go®Moxol oy gbs; bodsb-
gob3gLo.
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SUMMARIES

UDC 627.841

ANALYSIS OF THE ORTACHALA HPP COASTAL ZONE SEEPAGE REGIME.
M. Kalabegishvili, L. Klimiashvili, D. Gurgenidze // Hydroengineering. Ne1-2(23-24), 2017,
p. 7-16.

Summary: Ortachala HPP the law head waterworks facility in operation since 1955 is located
in the central part of Tbilisi city.

During operation period cracks were formed in the right-bank of foundation, where are located
underground fish-way sections. Surprisengly, right bank dam-foundation contact opened only in the
horizontal direction, that caused 5.5 cm gap development, while there were no changes in the vertical
direction. Visual researches showed, that cracks (size is 4-5 cm) developed in fish-way construction.

Mathematical models - "fish-drainage-foundation", "retaining wall - drainage-foundation" de-
veloped with the use of the finite element scheme, allowed us to finalize the suffusion-deformation
process developed during the operation, namely:

- in the cracking zones of fish-way developed high gradients of seepage pressure, causing suf-
fosion;

- under the influence of the weight of the soil and transport, shrinkage of the soil developed,
which for the foundation of the right bank, created bending deformations causing the rotation of the
soil in the vertical plane;

- bending deformation of the foundation at the contact of the concrete structure and the em-
bankment caused a horizontal opening, spread out - at a depth of 4 m.

In connection with this, the retaining wall, leaning against the ground, loses support and, un-
der the influence of hydrostatic pressure, tensile stress develops in it. In the case of crack formation
in the wall, concentrated seepage will develop, which will cause groundwater rise in the main road
(passing different communications) and various unfavorable processes.

Having established the reason for opening the contact, the fishway was closed, as a result of
which above-mentioned process was stopped. Thus, the waterproofing of the fish-way is a nece-
ssary measure for the normal operation of the waterworks.

Key words: contact; cracking; filtracion process; hydroizolation; mathematical models;
suffussion-deformation process.

UDC 691.32

RADIATION PROTECTIVE COMPOSITE MATERIALS. L. Klimiashvili, D. Gurgenidze,
A. Chikovani // Hydroengineering. Nel1-2(23-24), 2017, p. 17-28.

Summary: Currently in the nuclear power plants and installations to protectfrom ionizing
radiation with the common concrete there is used by the concretes with additives and special filler,

which protective properties are improved with special chemical composition and increasing of density.
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Key words: atom; concrete; crystal; elementary particles; gamma and ion radiation; metal;

neutron; quantum; radiation; reactor.

UDC 338.47

DIRECTION OF INCREASE PROFITABLENES OF INVESTIGATIONS IN TRANSPORT
SECTOR OF AZERBAIJAN. A. Pashaev // Hydroengineering. Nel1-2(23-24), 2017, p. 29-37.

Summary: There is spoken about the improvement of efficiency in investments made in the
transport sector, international transport corridors going through the country. In this article it deals
with definition of the time factor, which refers about the determination of the general and special
methods, affects to the matter, as a cargo passenger transportation, also transport sector on the
profitability and intensivity of exploitation as well.

Key words: efficiency; investments; transport sector.

UDC 514.113.5

DETERMINATION OF CONDITIONS, WHEN THE HEIGHT OF THE PYRAMID CRO-
SSES IT'S AREA. B. Maspindzelishvili Y. Qadaria // Hydroengineering. Nel-2(23-24), 2017,
p. 38-43.

Summary: There are given the co-ordinates of vertexes of pyramid, then are determined con-
ditions, at execution of that projection of vertex of pyramid lies on the base and passing through its
height is located in its area.

Key words: area of piramid; equation of flatness; equation of line; facet; flatness; height of

pyramid; normal vector; planned; pyramid; section; vertex of pyramid.

UDC 691.32

INFLUENCE OF DEFORMATION VELOCITY ON STRENGTH OF CONCRETE AT
DIFFERENT MOISTURE CONTENT AND MECHANICAL CHARACTERISTICS AT TEN-
SION. A. Sakvarelidze, N. Gudushauri / Hydroengineering. Ne1-2(23-24), 2017, p. 44-46.

Summary: There is investigated influence of deformation velocity of mechanical charac-
teristics (strength, ultimate deformation modules of elasticity) of concrete at tension Specimens
were tested at five levels of deformation velocity.

In the result of investigation there are esteblished indices of mechanical chacteristics of con-
crete of different moisture content at different velocities in tension. Investigation hase shown, that
indeces of module of elasticity, ultimate deformations and strength insignificantly depend on de-

formation velocity in investigated diapason of velocity 2,13-107+2,13-10 1/sec.
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Key words: comcrete; deformation; dry; modulus of elasticity; moisture; moist; strength; ten-

sion; velosity.

UDC 697.1 (0.753)

IMPROVING OF THE ENERGY EFFICIENCY OF THE BUILDINGS BY RECU-
PERATION THE HEAT ENERGY OF DOMESTIC SEWAGE. A. Kopaliani, M. Grdzelishvili,
D. Kuchukhidze // Hydroengineering. Ne1-2(23-24), 2017, p. 47-52.

Summary: There is discussed the issue of utilization of heat energy of domestic waste-waters
of the building. Waste-waters; which have a high heat potential of approximately 15-20°C; takes a
large amount of residual heat; that can be used to provide heat to the building; which will signifi-
cantly save heat and energy resources and by reducing the emission of thermal gases and improves

the state of the ecological enviroment.

Key words: cleaning building; energy efficiency; heat; pump; sewage; sewerage; utilization

UDC 621. 81

THERMAL CONDUCTOR DURING DRIP CONDENSATION. Sh. Mestvirishvili, D. Ku-
chukhidze // Hydroengineering. Ne1-2(23-24), 2017, p. 53-59.

Summary: There is presented the new model of heat transfer, where drop wise condensation
is radically different from existing models. As a surface of heat transfer a film of a condensate is
considered. The formed film increases up to critical size and then brakes apart into small parts on
the surface of condensation and forms microscopic droplets. Process repeats itself uninterruptedly.
A part of small-sized droplets formed during fragmentation of a film quickly evaporate, bigger
drops, colliding one another, coagulate and at the end stops motion. According to the presented
model process of heat transfer occurs on a film. Transportation of a condensate from a surface of

condensation is carried out by droplets.

Key words: condensation; dropper; evaporation; heat transfer; film superficial tension.

UDC 662.76

IMPLEMENTATION OF HIGH-EFFICIENT HEATING BOILERS WORKING ON THE
LOCAL SOLID FUEL IN THE GEORGIAN REGIONS NOT SUPPLIED WITH GAS. D. Kuchu-
khidze, A. Babunashvili, B. Kurdadze, K. Kodua // Hydroengineering. Nel1-2(23-24), 2017,
p. 60-67.

Summary: There are considered issues of fuel economy obtained through use of high-
efficient boilers working on solid fuel. Application of mentioned boiler is especially expedient in

the regions, where there are no gas supply systems.
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Boilers of this type are implemented by us in different regions of Georgia (15 units) and are
tested during two heating seasons. During the work the coefficient of efficiency reached 85+88%,
while the temperature of outlet gases didn’t exceed 130+140°C. There are virtually no ash residuals
after fuel combustion process. These boilers are ecologically clean.

As to economic effect, fuel cost for heating season has increased 4 times, when replacing boi-
lers working on diesel fuel with boilers working on solid fuel, while in case of replacement of boi-
lers working on electric energy with boilers working on wood, operation expenses have reduced 3,7
times.

Among advantages of these boilers are also the following:

e complete fuel combustion gives high coefficient of efficiency, and boilers are ecologically
clean.

e local raw materials, namely low-quality wood, logs, residual wood, branches, offshoot, nut
shell, sunflower and corn stems etc., are used as a fuel. The use of biofuel is also possible.

e in case of biofuel’s use is possible to conduct the slow combustion process and we can in-
crease duration of boiler operation by 10-12 hours (sometimes even by 24 hours).

e boilers of this type are easy-to-work, they are equipped with reliable automatics.

Key words: automatic management knot; censer; ecology; economy; heat exchanger; local
fuel.

UDC 626.627

DETERMINING OF THE INSTALLED CAPACITY OF THE NAMAKHVANI HPP.
A. Akhvlediani, A. Gogoladze, G. Akhvlediani, Z. Badzaghua // Hydroengineering. Nel1-2(23-
24), 2017, p. 68-77.

Summary: Market economy conditions has recommended hydro economic efficiency of the
(NPV) (Net present value) and IRR (Internal rate of return) by using these criteria. There are dis-
cussed two versions of the Namakhvani HPP, first when the Namakhvani HPP is comprised of three
HPP cascade (Tvishi, Namakhvani, Zhoneti) and the second version of the two HPP cascade (Tvi-
shi, Namamkhvani). It is reasonable, that the installed capacity of the hydroelectric power plant is
estimated to be 235 MW in three hydropower cascades and 320 MW in terms of the above criteria.
For these capacities, the average weighted tariff in the fall-winter and spring-summer periods gen-
erated by the HPP is established, respectively 6.81 cents / kWh and 5.43 cents / kWh.

Key words: fix the tariff; installed capasity of the hydroelectric power plant Namakhvani
HPP.
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UDC-693.54

STUDY OF EXTENSION OF SELF-TENSIONAL CEMENT STONE AND SELF-TEN-
SION KINETICS BY THE METHOD OF HOLOGRAPHICAL INTERFEROMETRY. G. Dala-
kishvili, K. Khazalia // Hydroengineering. Ne1-2(23-24), 2017, p. 78-81.

Summary: Application of holographical interferometry methodology enables to demonstrate
self-tension process within the period of cement stone-formation, to improve tensions developed in
its body, to distribute in consideration of time factor. Except for filling grains during reinforcement
of self-tensioned cement, even the reinforcing stems suffer from loadings, volume and direction of
which is changed in time and space. It may be resulted in demolishing of construction, which low-

ers an excepted effect obtained by application of self-tensioned concrete.

Key words: cracing; deformation; dynamometric hoop; filler; holographical interferometry;

laser; matrix; self-tensioned cement.

UDC 621. 81

UTILIZATION OF NATURAL GAS AND RELATED PROBLEMS. Sh. Mestvirishvili,
D. Kuchukhidze // Hydroengineering. Ne1-2(23-24), 2017, p. 82-88.

Summary: There is considered contemporary problems of Georgian gas distribution network
and influence of technical losses of NG on global climate change. The role of Georgia in solution of

global warming problem also is touched.

Key words: climate; gas; gas-main; gas of hothouse; methane.
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PE®EPATDI

YK 627.841

AHAJIN3 ®UJIHLTPALIMOHHOI'O PEXXMUMA HABEPEXXHOM 30HbI OPTAYAJIBCKOM
I'9C. KanabernmBuian M.A., Knumuamsuau JI.J., I'yprennaze I.P. // 'mapounxenepus, Nel-
2(23-24), 2017, c. 7-16.

Pesrome: Oprauansckas ['DC, Haxonsamasics: B akcmryatanuu ¢ 1955 rona, pacnonoxena B
[EHTPATBHOM YacTu roposa TOmImcH.

B nepuop skcmmyatanuu OblT packphIT (10 5.5 ¢M) KOHTaKT mpaBoOepexkHero Obruka ¢ Habe-
pexxHoi. ['opu3oHTaNBEHOE TPEUIMHOOOpAa30BaHNE OXBATHIIO B IIEJIOM BCE COOPYKEHHUE U TaKXKe 30-
HY BOJIONIPHEMHHKA PhI00X0/1a. B0 HEMOHSATHO, MOYEMY KOHTAKT U TPEIIUHBI PACKPBUIUCH TOJb-
KO B TOPU30HTAJIbHOM HANpaBJICHUH, B TO BPeMS KaK B BEPTHKAIbHOM HAINpPABICHUHM CMEIICHUS
(ycanku) BoOIIe He ObUTH 3a(pUKCUPOBAHBI.

BusyanpHbIii 0CMOTp TOJI36MHOM KOHCTPYKITMU PHI00X0/1a (PACcTIONOKEHOT0 Ha TIPaBOM Oepe-
I'y) BBISIBIJI, YTO OHA PAacUWICHEHA MOMEPEYHBIMU CKBO3HBIMU TPEIIMHAMH (C MaKCHUMAIIbHBIM pa3-
MepoM 4-5 cM), a B 3TUX 30HaX 3a 00JCITKON KOHCTPYKIIMH UMEIIUCH ITYCTOTHI.

MatemaTuuecKkrue MOJICIH - CUCTEMA «PBIOOXO]T - IPEHAXK -OCHOBAHUEY, «HAOEpEkKHAs CTCHA -
JpeHaXx - OCHOBAaHUEY, pa3padOTaHHBIE C UCIOJIb30BAHUEM CXEMbl KOHEUHOTO 3JIEMEHTA, O3BOJIH-
JIU TIpOaHaIn3upoBath cyddosus-nedhopMalioOHHBIN MPOIIECC, Pa3BUTHIN B MEPUO IKCILTyaTallUH,
a IMEHHO:

- B ppI00X0/1€ B 30HaX TPEIIMH Pa3BUBAINCH OOJbIINE TPAAUECHTHI PHIBTPALIMOHHOTO HATMIOPA,
BbI3bIBatomIue cyhdhosuio;

- TI0J1 BO3/IEHCTBHEM Beca TOJIIY IPyHTa M TPAHCIIOpTa pa3BUBAJach ycaJka TPyHTa, YTO IS
OCHOBaHMS MPaBOTO Oepera co3/ano u3ruoHbIe qedopMaIiii, BEI3BIBAIOIINE TIOBOPOT TPYHTA B BEp-
TUKaJIbHOM IIJIOCKOCTH;

- m3ruOHbIe nedopmaly TpyHTa Ha KOHTaKTe OSTOHHOW KOHCTPYKIIMM M HAOEpEKHOU BHI-
3BaJIM TOPU3OHTAIBHOE PACKPBITHE, PACTIPOCTPAaHEHHOE B IITyOUHY 110 4 M.

B cBsi3u ¢ ykazaHHbIM, Habepe)kHas CTeHA, MPUCIOHAIONIAsACA Ha TPYHT, TEPSET OMOPY U MO
BO3JICHCTBUEM THIPOCTATUYECKOTO JaBIICHUSI B HEM Pa3BUBAIOTCS PACTATHBAIONINE HampsoKeHUs. B
cllydae TpeumHooOpa3oBaHus OyAeT pa3BUTa KOHIIEHTPUPOBAaHHAS (QMIBTpAIUS, YTO BBI3OBET
MOIEM TPYHTOBBIX BOJ| B MarucTpajlbHON JOPOKHOM Tpacce (¢ MPOXOAAIIUMHU Pa3HbIMU KOMMY-
HUKAIUSIMH) ¥ pa3HbIE HEOIArompUsTHBIEC TPOIIECCHI.

[Tocne ycTaHOBIEHUS MPUYUHBI PACKPBITHS KOHTAaKTa, PHIOOXO0J] OBbLT 3aKpbHIT, B pe3yibTare
Yero yKasaHHBIHM Mporecc ObUT OCTaHOBJIEH. TakuM 00pa3oM, THIPOU30IISIUS PhIO0X0/a SABISETCS

HEO0OXOIUMBIM MEPOIIPUATHEM ISl HOPMAJIbHOM SKCIITyaTalluu THIPOY3IIa.

KiroueBble ciioBa: TpenmHOOOpa3oBaHUE;, MaTeMaTHdeckue monaenu; cyddosus-gedopma-

IIUOHHBIN TpoLIecC; GUIBTPAMOHHBIA HAMOP; THIPOU3OJISALMS; KOHTAKT.
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YK 691.32

PAJIMALIMOHHO-3AIIMTHBIE KOMITO3UIIMUOHHBIE MATEPUAJIbI. Knumuamsuiau JLL.,
I'ypreanmze JI.I'., UnkoBanu A.B. // Tunpounxenepus, Ne1-2(23-24), 2017, c. 17-28.

Pe3tome: B HacTosiiee BpeMsi Ha aTOMHBIX JIEKTPOCTAHIUAX U JAPYTUX YCTAHOBKAX JJIS 3a-
IIUTHl OT UOHU3UPYIOUIUX H3ITYYCHUN HApSAy ¢ OOBIYHBIM OETOHOM HCHOIB3YIOTCS OCTOHBI C JI0-
0aBKaMU W Ha CHEIHAJIBHBIX 3aMOJIHUTENIX, 3alIUTHBIC CBOMCTBA KOTOPBIX YIYYIIEHBI Oiaromaps

0c000MY XUMHUYECKOMY COCTaBY M MOBBIIICHUIO CPEIHEN TUIOTHOCTH.

KiroueBble cjioBa: aToMm; OETOH; raMMa; MOH; H3IYYCHHE; DJIEMEHTApHbBIC YaCTHIIBI; KPHC-

TaJUT; METAJLT; HEUTPOH; paualnsi; peakTop; KBaHT.

YK 338.47

HAITIPABJIEHWS YBEJIMYEHWS PEHTABEJILHOCTU MHBECTULIWIA B TPAHCITOPT-
HbI1 CEKTOP A3BEPBEAV/KAHA. Mamaes A.3. // Tunpoumskerepus, Ne1-2(23-24), 2017, ¢. 29-37.

Pe3ome: B craTbe roBopuTCS O TEOPETUUYECKONM OOOCHOBAHHOCTHM WHBECTHIIMI, HalpaBiis-
€MBIX B TPAHCIOPTHBIA CEKTOP, 00 3PPEKTUBHOCTH MEKITYHAPOIHBIX TPAHCIIOPTHBIX KOPHUIAOPOB,
MIPOXOSIINX Yepe3 CTpaHbl. B cTaThe Takke roBoputTcs 00 ONPEACTICHUH, MPH IMOMOIIH OOIUX U
CHeIUaIbHBIX METOJIOB, BIUSHUS (haKTOpa BPEMEHN Ha HHTCHCUBHOCTh TPY30IMaCcCaKUPCKUX Tepe-

BO30K M TPAHCIIOPTHOTO CEKTOpa Ha PEHTA0EIbHOCTD BIIOKCHHUSI MHBECTUIINM.

KiroueBble ¢JI0Ba: HHBECTUIINS, TPAHCTIOPTHBIN CEKTOP; 3PPEKTUBHOCTD.

YK 514.113.5

YCTAHOBJIEHUE VCJIOBUI, TTIPU KOTOPBIX BBICOTA ITMPAMU/JIbI ITPOXOJIUT B
EE TIPOCTPAHCTBO. Macnunmseanmsuan B.U., Kagapua WU.P. // Tugpounxenepus, Nel-
2(23-24),2017, c. 38-43.

Pe3ome: Ecim maHbl KOOpAWHATH BEPIIMH IMAPAMHU]I, TOT/Ia YCTAHOBJICHBI YCIOBUS, MTPH KO-
TOPBIX TMPOCKITHS BEPIIMHBI HAXOUTCS Ha OCHOBAaHWH M HAa HEM BBICOTA MPOXOUT B TIPOCTPAHCTBO

nmupaMHuabl.

KaroueBble cjioBa: nmupaMuja; 30Ha IMUpaMu/ibl; BEPIIMHA IMApaMUbl; BbICOTA IMHUPaAMUIBI,

IJ1aHOBaA MJIIOCKOCTh, YPAaBHCHUEC JIMHUH, I'PpaHb. Yy4aCTOK.

YK 691.32

BJIMSAHUE CKOPOCTU AE®OPMAILIMM HA MEXAHUYECKHUE XAPAKTEPUCTUKU
BETOHA PA3JIMYHOI'O BJIATOCOJEPXAHUSA TTPU PACTSDKEHUU. CakBapeaunnze A.B.,
I'yaymaypu H.A. // Tuapounxenepus, Nel1-2(23-24), 2017, c. 44-46.

Pe3rome: VccrenoBaHo BIsTHUE CKOPOCTH JeopMaliy Ha MEXaHHUYECKUE TTOKazaTenu (Tpoy-

HOCTb, OTHOCHUTEINIbHAs AeQopMaliusi, MOAY/Ib YIPYrocTH) OETOHA Pa3IMYHOrO BIIArOCOAEPKAHMUS
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npu pacTsikeHur. OOpasiibl BCeX Cepuil UCTBITHIBAINCH MIPH 5 YPOBHAX CKOPOCTEH nedopmaruw,
OTJIMYAIOLIUXCA IPYT OT ApYyra Ha MOPsAI0K 2,13-107+2,13-10 1/cex.

UcnpiTbiBanuch 28-cyTouHble o0Opasipl Biarocoaepxkanuem: W=4,6% (1o macce), «Biax-
HbIE» 00pa3lbl U «cyxue» obpasisl Biaarocoaep:kanueM W=0% (mo macce). Ha kaxnayroo Brmaxk-
HOCTB ¥ CKOPOCTb JIe()OPMALIMU HCIIBITHIBAIUCH 10 6 00pa3IoB — OJIM3HELIOB.

[IpoBeneHHbIC HMCCIENOBAHUS MMOKA3alU: MPU PACTSHKEHUU MEXaHHUYECKUE XapaKTePUCTUKU
0eToHa pa3IMYHOr0 BJIArocoiepaHus ciado 3aBUCAT OT CKOPOCTH AeGopMaliu: IpHU YBEIHUYEHUN
CKOpPOCTH JAedopMaliy Ha YeThIpe MopsKa MPOYHOCTh yBenuuuBaercs Ha 17,1 u 15,6%, a moaynb

ynpyroctd Ha 19,1 1 17,2, COOTBETCTBEHHO, JUISI «BJIAXKHBIX» U «CYXUX» 00pa3LoB.

KiroueBble c10Ba: 0ETOH; pacTsHKEHHE, BIarocojep:kanue; aedopMaius; CKOpocTh; mpod-

HOCTb; MOAYJIb YIIPYTOCTH; CYXOW; MOKPBIH.

YIAK 697.1 (0.753)

TIOBBIIIEHUE SHEPT O®®EKTUBHOCTH 3[JAHUM 3A CUET PEKYIIEPAITMN TEII-
JIOBOM SHEPI'MU BbITOBBIX CTOYHBIX BOJI. Konanuaun A.Jlxk., [paseanmeuin M.B.,
Kyuyxunze [A.I'. // Tunpoumxkenepusi, Ne1-2(23-24), 2017, c. 47-52.

Pe3ome: PaccMoOTpeH BONPOC YyTHIIM3ALMU TETJIOBOM AHEPTUM OBITOBBIX CTOYHBIX BOJ 3/a-
Huil. CTO4HBIE BOJBI, Y KOTOPBIX UMEETCS BBHICOKMH TEIUIOBOW MOTEHIHMAT - MPUOIU3UTENBHO 15-
20°C, 3a0UparoT OOJIBIIOE KOJIMYECTBO OCTATOYHOIO TEIIa, KOTOPOE MOXHO MPUMEHHUTH JJIS TETI-
J0BOrO oOecrevyeHusl 3AaHHi, YTO 3HAYUTEIbHO COKOHOMHT TEIUIOPHEPreTHUECKUE PECYPCHI U TO-

CpCACTBOM YMCHBIICHUS BBIACICHUA TCIIJIOBBIX I'a30B YJIYUIIUT COCTOSHUC 3KOJIOTHYECKOM CpcAabl.

KiroueBble cji0Ba: KaHaJIM3alMsl; CTOUYHBIE BOJBI, TECIOBOW HAcOC; YIHEProd(PeKTUBHOCTD;

YTUIIM3aluA TCI11a, TCHJ’IOCH36}KCHI/IG; OYHCTUTCIIBHOC COOPYKCHHUC.

YIAK 621. 81

TEIUIOOTJAYA TIPH KAIEJIbHOM KOHJIEHCAIIMU. Mecreupumsuin IILA., Kyuay-
xunze [A.I'. // Tunpoumxkenepust, Ne1-2(23-24), 2017, c. 53-59.

Pe3tome: B nanHoii pabote mpeacTaBieHa HOBass MOJIEh TEIUIOOTIAYH BO BpeMs KarelabHOU
KOHJICHCAllUM, KOTOpPasi B KOPHE OTIMYAETCS OT CYIIECTBYIOIIMX Mojeieid. B kauectBe mosep-
XHOCTH TEIJIOOTJauld pacCMOTpEHa IUIeHKa KOHJEHcaTa, KOoTopas oOpa3zyeTcsi Ha MOBEPXHOCTH
KoHJeHcanuu. [lneHka yBenuuuBaeTcs 10 KpUTUYECKOM BETMUMHBI, a 3aTe€M JIPOOUTCS U 00pa3yer
MUKpOcKomuueckue karumu. [Iporecc moBropsiercs GecnipepsiBHO. YacTh Mamopa3MepHBIX Karieib,
00pa30BaHHBIX BO BpeMs pa3IpoOJICHHs IJICHKH, OBICTPO HCTapseTcsi, OONbIINE JKe, CTaTKUBAsCh,
COEUHSIOTCS (KOaryJIHpyrOTCs) U MO/ KOHeIl peKpaiaoT ABuxkeHne. CorinacHo mpeacTaBieHHON
MOJIETIH, TPOIecC TEIUIOOTAaur MPOUCXOJIUT Ha IJIEHKE. TpaHCIOpTUPOBKA KOHAEHCATa C MOBEp-

XHOCTHU KOHACHCAIUU OCYHICCTBIIACTCA C IOMOIIBIO KaIlCJIb.
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KiroueBnle ciioBa: KOHACHCALIWA,; KallCJIbHUIIA, MJICHKA; TCIIJIOOTJa4ua, HCIIApCHUC, ITIOBCP-

XHOCTHOC HATsXKCHHUC.

YK 662.76

BHEJIPEHME BBICOKOD®®EKTUBHbBIX OTOIIMTEJIBHBIX KOTJIOB, PABOTAIO-
X HA MECTHOM TBEPJIOM TOIUIMBE, B HET'A3U®UI[MIPOBAHHBIX PAVIOHAX I'PY-
3UN. Kyuyxuaze JI.I'., Babynamsuiau A./l., Kypaagze b.M., Koaya K.I1I. / 'uapounxenepus,
Nel-2(23-24), 2017, c. 60-67.

Pe3rome: PaccMoTpeHbI BOITPOCH SKOHOMHH TOILJIMBA, MOJIYY€HHOTO MCIIOIb30BAaHUEM BBICO-
K03(h()EKTUBHBIX KOTIIOB, pabOTAIOUINX HA TBEPJIOM TOIUIMBE. Mcronb30BaHHE YKa3aHHBIX KOTJIOB
0COOEHHO I1eJIeCO00pa3HO TaM, T/I€ HE CYIIECTBYET CHCTEM ra30CHA0KEHUSI.

Kotsel Takoro Tura BHeIpEHBI HAMU B Pa3IH4YHbIX paiioHax ['py3uu (15 enunuIl) u ucmbiTa-
Hbl B TE€UEHHUE JIBYX OTONMUTEIbHBIX ce30HOB. Bo Bpems pabotsl KIIJ] kotna mocturan 85+88%, a
TemnepaTypa oTxondmux razoB He mpeblmana 130+140°C. Ilocne mpoiiecca ropeHUs: TOILIMBA
MPAKTUYECKH HE OCTAETCS 30JIbl. DTH KOTJIbI SBISIOTCS HKOJIOTMYECKU YHCTHIMH.

Urto kacaercs 3KkOHOMHYECKOTO (h(PeKTa, TO eCIr 3aMEHUTh KOTIIbI, paboTaronue Ha TU3eib-
HOM TOIUIMBE, KOTJIaMH, paOOTalOIUMU Ha TBEPIOM TOIUIMBE, TO CTOMMOCTH TOIUIMBA 3a OTOIH-
TEJIbHBIA CE30H yMEHbIIaeTcs B 4 pa3a, a pH 3aMEHE KOTJIOB, pa0OTAIOMIKX HA 3JI. YIHEPTHH, KOT-
Jamu, paboTaloUIMMH Ha APOBaX, SKCITyaTallMOHHbBIE pacXObl YMEHBIINUIUCH TOYTH B 3,7 pa3a.

[TonoXuTeabHBIMU CTOPOHAMHU JAHHBIX KOTJIOB TAKXKe SIBJISIFOTCS ClIEAYIOIINE:

® [IOJTHOE CrOpaHHE TOILUIMBA J1AaeT BBICOKUN KOA(P(OUIUEHT MOJIE3HOTO ACHCTBUS, KOTJIBI 3KO-
JIOTUYECKH YUCTBHIC;

® B KQUeCTBE TOIUIMBA HCIIOJIB3YETCSI MECTHOE CHIpbE: JpOBa HU3KOTO KayecTBa, OpeBHa, OcC-
TaTKU JPEBECHHBI, BETKH, OPEXOBas CKOPJYyIMa, CTBOJIbI MOACOTHEYHUKA U KYKypy3bl U ap. Bos-
MO>KHO TaK)X€ UCIOJIb30BaHUE OMOTOIIINBA;

® B ClIy4yae HCIIOJIb30BaHUs OMOTOIIMBA BO3MOKHO IPOBEJCHHE MpoIlecca MEJIEHHOTO Cro-
paHus, U 32 OJHY 3arpy3Ky MokHO Ha 10-12 yacoB yBeNIUYUTH MPOAOIKUTENBHOCTh PabOThI KOTIa
(a B HEKOTOpBIX CiIy4asx U Ha 24 yaca);

® KOTJIbI JAHHOT'O THUIIA HPOCTHI B OKCILTyaTalli, OHU OCHAIIICHBI Haﬂe)KHOfI aBTOMATHKOM.

KiroueBble cjioBa: KaHaIM3alMs; CTOYHBIE BOJBI; TEIJIOBOM HACOC; SHEProdpHEeKTUBHOCTD;
YTUIM3alMsl TeIla; TeIUI0O00CTyKUBaHUE; OYMCTUTENbHBIE COOPYXKEHHUS; y3€J1 aBTOMAaTHYECKOro

YIIPaBJICHUS.

YK 626.627

YCTAHOBJIEHUE TAPAHTUPOBAHHOIN MOIIHOCTH HAMAXBAHHUI'DC. Axaie-
auanu A.B., Toronanze A.Ill., AxBaenuanu I'.A., Bag3arya 3.K. // T'unpounxenepus, Nel-2(23-
24), 2017, c. 68-77.

Pe3ome: Jlns ycraHoBneHHst 3koHOMU4eckoi sddexruBoctu ['DC B pabore mpumeHsiem

kputepuii Texymen guctoir croumoctt NPV (Net Present Velue) u kputepuii BHyTpeHHEH HOPMBI
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BoIpyuku IRR (Internal rate ofreturn). OGocHOBaHO, YTO C MPUMEHEHHEM 3THUX KpUTEPUEB OblLiIa
YCTaHOBJICHA BEJMYMHA FapaHTUPOBAHHON MOIIHOCTH IS IBYX IpeajaraeMbix cxem kackaaa Ha-
MaxBaHul DC (IBYXCTaHIIMOHHOW U TpeXxCTaHIUMOHHOM). C y4yeToM SKOHOMHUYECKUX KPUTEPUEB U
HKOJIOTMYECKUX TpeOOBaHMU ABYXCTAHIIMOHHAs cxeMa Oonee mpuemiiema. [lpu sTom cpenHe-

B3BeIIEHHBIN Tapud cocraBiseT 5.43 neHT.KBT.4ac, a rapanTupoBaHHas MOIIHOCTH - 320 MrBartr.

KiroueBble cji0oBa: rapaHTHpPOBAaHHAs MOITHOCTh Idca; ycTaHoBieHue Tapuda; Hamax-
Bauul OC.

VK 693.54

N3YUEHUE KUHETUKW PACHIMPEHMA WU CAMOHAIIPSDKEHMA LEEMEHTHOI'O
KAMHS U3 HATIPATAIOILIETO LIEMEHTA METOJIOM T'OJIOTPA®UYECKON MHTEP®E-
POMETPUUN. NanaxkumBuau I'.Jl., Xazamua K.P. // T'mppoumxkenepus, Nel-2(23-24), 2017,
c. 78-81.

Pe3ome: lcnonp3oBanueM MeTona rosorpaduueckoil MHTEp(HEpOMETpUn BBISABISETCS He-
PaBHOMEPHBIN XapaKTep Pa3BUTHs COOCTBEHHBIX HANPSDKCHWH KakK BO BPEMEHH, TakK M 1O 00beMy
[IEMEHTHOT'0 KaMHs. B pe3ynbrare 3epHa 3aloHUTENS, a TAK)KEe apMaTypa HCIIBITHIBAIOT BO3JICHCT-
BUE YCHJINH, MEHSIOLIMXCS BO BPEMEHHU MO HAIPABJICHUIO U BEJIMYMHE. DTO MOXKET CTaTh MPUUYUHON
pacumaTbiBaHUsT CTPYKTYpbl OETOHA, B HEKOTOPOH CTEMEHU OCiadiisis MOJOKHUTEIbHBIA 3 QeEKT,

I[OCTI/II‘aeMHﬁ OT MIPUMCHCHUA HAIIPATAIOMIUX 3JICMCHTOB.

KiroueBble ciioBa: rojorpaduueckas uHTEppepomerpust; aedopmaius; TMHAMOMETpHYEC-

KO€ KOJIbII0; 3aII0JHUTEIb; JIa3ep; CAMOHAIPSTAIONINI OETOH; TPEUIMHOOOpa30BaHKE; MaTPHUIIA.

YIAK 621. 81

NCIOJIb3OBAHUE TITPUPOJHOI'O T'A3A U CBA3AHHBIE C HUM ITIPOBJIEMBIL
MectBupumBuiu HILA., Kyuyxuaze J.I'. // I'nagpourkenepus, Nel-2(23-24), 2017, c. 82-88.

Pe3ome: PaccMoTpeHbl HacTosIue IMpoOIeMbl ceTei razocHaOxeHus [py3uu U BIUsSHUE
TEXHUYECKHX MOTEph Ta3a Ha rI00albHOE M3MEHEHHE KIIMMaTta; TakkKe OTMEYeHa posib ['py3uu B

Jielie pemeHus mpobieM rao0anbHOTO MOTETIICHHS.

KuroueBble ci1oBa: ra3; ra3onpoBo/I; KIIMMAT; TETUINIT, METaH.
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