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Axorauis. CtaTTs IpUCBsUeHa MUTAHHSAM HanpyxkeHo-zaedopmoBanoro crany (H/IC) enemenTiB Hepo3pizHOT
TpaHcnopTHO-MoHTaxkHOI pamu (HTMP) npu TpancnmopTyBaHHI OKpeMUX KOHCTPYKIIi# MOPCHKUX TIaTGOPM
TIpU OOMANITYBaHHI MOPCHKUX ponoBuil. Poxosuine iMeni B. DimaHOBCHKOTO € HAWGIIBIINM MIOIO 3aTacis
nadTu pomoBuieM, BiakpuTuM B Pocii 3a octanni 10 poxis. ¥ 2013 porii mobynoBano 77 KM T ABOTHOTO
Ha(dTOIPOBOY 30BHIITHBOTO TPAHCIOPTY HadTH i 61 KM MiZIBOHOTO ra30IpOBOAY, a TaKoK 40 KM MikKIIpoMuc-
soBoro HadTonpoBoay i 40 KM ra3omnpoBozy, siki MoB's3y0Th popoBuina im. Dinanoscbkoro ta iM. FOpis
Kopuarina. OganM 3 TiIpOTEXHIYHUX CIIOPYA € JbofocTilika ctasneBa miaatdopma (JICII). Jana copyma
SBJIsIE cOGOIO /IBA CTATIEBUX OMOPHUX OJIOKH, 00'€AHAHUX MK 06010 GaratosipycHoOIO CTaseBoio maxy6oio. Y
2014 p. Ha onOpPHI OCHOBU OYy/yTh BCTAHOBJIEHI BepxHi Oya0BU miardopm. BurotosneHts nanyou saiiicHio-
10Th Ha CyHOOYIIBHOMY 3aBOJI B ACTpaxaHi, a OaJIbIle TPAHCIIOPTYBAHHS A0 Miclid 0OJIAIITYBAaHHS BUMa-
rae crenianpHoi ctameBoi kKoHcrpykiii — HTMP, sika 103B0JMTh TPAHCIIOPTYBATH GAraTosipyCHy CTaJeBY
naayby Ha TOUKY oOsaiTyBaHHs Ha Gapxi. Y poGori HaseneHi gaui gocnimkens HC enementis HTMP g
GaraTospycHy crajeBy majuyOy Jbopoctiiikoi cranesoi mwiardopmu (JICIT). HTMP gsnsie coGowo cucremy
NepPeXpPeCcHUX CTAIeBUX BaKKUX (GepM. Po3poliieHo TIPOCTOPOBY MOJIE/Ib CUCTEME «OaraTospycHa cTajieBa
naxyba — Hepo3pi3Ha TPAHCIOPTHA — MOHTaxKHa paMa. [locimkerno H/C eneMeHTIB IpocTOpoBOi Mozei
[IPY HaBaHTAKEHHsIX Ha [epiol migseseHHs i ycranosienns naayou va HTMP, nepemimentss HTMP 3 nany-
6010 1o OyziBeJbHOMY MaiiIaHINKy [0 HaBaHTaKeHHs Ha OGap:ky, ycHaHoBaeHHs HTMP i3 zakpirieHow Ha
Hiit mamy6oro Ha Gaprky i mepioji TpPaHCIIOPTYBAHHSL [0 Piulli i MOPIO BIAIOBIZHO 10 PEKOMEHA0OBAHIX HOPMOBA-
HIX XBUJIbOBUX HaBaHTakeHb. Hamano pesyspratn uncenpaux nociaimpkenb H/IC exementis HTMP.

Kmouogi cnoBa: GaratosipycHa naay6a, ibojocTiiika crasesa mnardopma (JICIT), HepospizHa
TpaHcnopTHO-MoHTakHa pama (HTMP), kinneBuii esleMeHT, MeTOI KiHI[EBOTO eJIeMeHTa, PO3PaxyHKOBa
MOJIETb.
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MOPCKUX TIAT(HOPM TIPH 00YCTPOICTBE MOPCKUX MecTOpoxaeHuit. Mectoposkaenue nvmern B. OumanoBcko-
TO SABJISIETCS CaMbIM KPYIHBIM 10 3aracaM He()TH MeCTOpOXK/eHueM, OTKPHITEIM B Poccun 3a nocsenaue 10
aeT. B 2013 roxy moctpoeno 77 KM oiBO{HOTO He()TEITPOBO/Ia BHENITHETO TpaHcnopTa Hetr 1 61 KM 1oBoOI-
HOTO Ta30IIpoBO/a, a Takxke 40 KM MeKIIPOMBICIIOBOTO HedTerpoBoia 1 40 KM ra30mpoBo/ia, KOTOPbIEe CBS3bI-
BaloT MecTopoxieans uM. @umanosckoro u uM. I0pus Kopuarnua. OHUM M3 rHIPOTEXHUYECKUX COOPYIKe-
HUH sABJIseTcs JefocToiikas craapHas maatdopma (JICID). lanHoe coopy:keHne mpeacTaBiseT Ba CTAb-
HBIX OTIOPHBIX 6JI0Ka, 00bEIMHEHHBIX MEKITY COO0I MHOTOSIPYCHOII cTanbHOU namy6oii. B 2014 1. Ha omnopHbie
OCHOBaHUsI OYyT YCTAHOBJIEHBI BepXHUE cTpoeHust iaTdopm. M3rotoieHue mamnyObl OCYIIECTBISETCS Ha
CYZIOCTPOUTENIBHOM 3aBOJIe B ACTpaxaHu, U [ajbHEHIIas TPaHCIOPTHPOBKA K MECTY YCTAaHOBKH Tpebyer
crenuagbHON cTambHOM KoHCTpyKIn — HTMDP, koTopast mo3BomT TpaHCHOPTHPOBATE MHOTOSIPYCHYIO CTATTh-
Hyto lay0y Ha TouKy oGycrpoiicTBa Ha Gapxke. B paGore npuseens ganubie nceaepoBanmnit HIC aremen-
toB HTMP 1101 MHOTOSIPYCHY10 CTa/bHYI0 naayly JegocTolikoii crambrol mwiardopmsr (JICIT). HTMP
TIPEJICTABIISIET COOON CHCTEMY TIEPEKPECTHBIX CTATbHBIX TSKEIBIX (hepM. PazpaboTtana mpocTpaHCTBEHHAS
MOJIe/Ib CUCTEMbI «MHOTOSIPYCHasl CTajibHast manyba — HepaspesHas TPAHCIIOPTHO — MOHTa)KHAs paMar.
Uccnenosano H/IC anemeHTOB TpOCTpaHCTBEHHON MOJIEH TIPU HArpy3Kax Ha IepHoJ TOBOKY 1 yCTAaHOB-
ku nany6el Ha HTMP, nepemerierne HTMP ¢ nay6oii 1o CTpOUTETLHOMN MIIOIA/IKE 0 TIOrPY3KK Ha Gapiky,
sapeneruss HTMP ¢ sakperuieHHON Ha Heii 1any6oil Ha 6apKy U IIeproji TPAHCIIOPTUPOBKU 10 PEKE U MOPIO
MPU PEKOMEH/IOBAHHBIX HOPMUPOBAHHBIX BOJIHOBBIX Harpyskax. [IpencraBieHbl pe3ysibTaThl UM CIEHHBIX
uccaenosanuiit H/IC anementros HTMP.

KioueBbie caoBa: MHOrosipycHas many0a, jenoctoiikas cranbhas mnardopma (JICID), HepaspesHas
TpaHcnopTHO-MOHTakHas pama (HTMP), koneunslit ameMeHT, METO/ KOHEYHOTO dJIeMeHTa, pacyeTHast
MOJIEb.
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Abstract. The article deals with issues concerning the stress-strain state (SSS) of a continuous transport-
mounting frame (CTMF) elements while transporting separate offshore platform structures in the process
of offshore field development. The field, named after Vladimir Filanovsky is the largest oil reserve field
discovered in Russia during the past 10 years. In 2013 77 km of submarine pipeline external oil transportation
and 61 km of submarine pipeline and 40 km interfield pipeline and 40 kilometers of the pipeline were built,
which bind them to the Filanovsky field and Yuri Korchagin field. One of the waterworks is ice-resistant
steel platform (LSP). The given construction represents two steel support blocks of interconnected multi-
tiered steel deck. Topsides will be installed on support bases in 2014. Deck construction is performed on the
shipyard in Astrakhan and the further transportation to maintenance site demands specific steel construc-
tion — CTMEF, which will allow transportation of multilayer steel deck on the barge point arrangement. SSS
research data of CTMF elements for multilayer steel deck of ice-resistance steel offshore platform (ISOP)
are given in the work. CTMF represents the system of cross heavy steel trusses. Dimensional model of the
«multi-layer steel deck — Continuous cutting transport — mounting frame» has been developed. One has
investigated element SSS of the dimensional model under load for a period liner and install deck on CTMF,
removing of CTMF with the deck on the building site prior to loading onto the barge, CTMF placing with
deck attached to it on a barge and during transport on the river and the sea under recommended normalized
wave loads. The results of SSS numerical studies of CTMF elements are given.

Keywords: multilayer steel deck, ice-resistant steel offshore platform (ISOP), continuous transport-
mounting frame (CTMF), finite element, finite-element method, design model.
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Problem statement

V. Filanovsky field is named after the famous oilman
Vladimir Filanovsky, who made a great contribu-
tion to the development of oil branch of the country.
Lukoil announced the opening of the largest multi-
layer oil and gas field in the license area «North», on
the structure «South-Rakushechnojes», which is lo-
cated 220 km from Astrakhan [1, 2]. According to
the results of international experts, this field is the
largest oil reserves field discovered in Russia in the
last 10 years [3].

«Lukoil» plans to install topsides on support
bases of the platform in 2014. Tt is planned to start
the first stage with four waterworks in 2014 — con-
ducting gas and oil pipelines to shore facilities and
further to the gas processing plant [3].

One of the main waterworks is ice-resistant steel
offshore platform (ISOP) presented in Figure 1.
This construction represents two steel support unit,
united by the multi-tiered steel deck. Technological
crew’s accommodation, casing, drilling rigs are lo-
cated on the deck [6, 13, 14].

Construction of the steel deck now is practical-
ly completed. For delivery of the deck with techno-
logical equipment has been designed continuous
transport-mounting frame (CTMF).

The first variant of CTMF represents the space
system of cross beams and has weight of 1400 tons.
The second variant of CTMF — the space system of
cross heavy steel trusses.

The goal was maintaining the strength and stiff-
ness characteristics of CTMF and the weight must
not exceed — 1 000 tons. For calculations of weight
steel deck with production equipment was set —
11 264 tonnesand accounting for all dynamic stresses
resulting from the airborne and pitching transport
barge [9-12].

Purpose of calculating. Design model creation

While performing a design, one should provide re-
sistance of CTMF elements and compliance of their
constructions with the relevant regulations[4, 5, 8]
in the transportation mode of CTMF with the in-
stalled-tiered superstructure deck (SD) on the con-
struction site on special lifting devices — «Skid-
shoes» of the company <MAMMOETS> to the dock,
moving on the barge and transportation of CTMF
by means of SD on the barge on the river and the
sea, taking into account wind and pitching.

CTMEF has been created on the basis of initial
data provided by the customer and takes into ac-
countall the geometrical parameters of the SD and
«skid-shoes» location.

Continuous transport-mounting frame is a sys-
tem of cross heavy trusses located mutually perpen-
dicular to each other. CTMF is formed by the fol-
lowing elements (Fig. 1):

— longitudinal trusses on digital axes;

— transverse trusses on lattergram axes;

— braced trusses set by between the transverse
trusses provide the perception of the load from
the SD and CTMF geometric immutability.

According to technology requirements (technical
conditions of the customer) there should be heavy-
duty units of bottom chord in longitudinal trusses,
under which, in compliance with the technology,
jacks for subsequent sliding of transport frame on
the transport barge with USP and CPP (deck con-
stractions) based on it are installed.

Longitudinal and transverse trusses are designed
as heavy-duty trusses with chords cosisting from
channels and lattice elements from jointed flange
beam. At the same time, the requirements for ac-
ceptable element misalignment converging into a
single node have been observed. Cross-sections of
longitudinal and transverse trussesis shown in Fig, 2.

Technological requirements for longitudinal
trusses have reinforced nodes of the lower belt. For
lifting the SD under the reinforced nodes mounted
jacks.Next is the sliding of the CTMF with the SD
on a transport barge (TB), that is shown in Fig. 3.

High-strength steel sheet with special require-
ments for welding in terms of carbon dioxide was
used while cross-section grouping of CTMF bear-
ing and braced elements.

Figure 1. General view of dimensional model CTMF.
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Figure 3. CTMF location: a) during sliding of SD on CTMFi; b) during winding up of SD on the point installation
of ISOP.

Design model complies with RMRS (Annex 2 Models include the basic and special elements
Part II. Corps ISOP [4]). TMEF construction.
Models are madein the software package «Lira 9.6.» Allocations are made:
Finite element types: — for the first variant (load on CTMF from SD)
— spatial rod type 5 [15] with axial, shear, bending allocations of CTMF are made in the bottom.
and torsional rigidity corresponds to a one-di- At the points of contact with CTMF jacks. They
mensional rod elements and beam elements [4]; are made by means of limited movementsin three
— type 42 and 44 square triangular shell finite ele- directions X, Y, Z. The load is applied on top of
ment [ 15] with axial, shear, bending and torsion- the frame at the points of support on it of USP;
al stiffness, the respective plates and shells [4]. — for the second variant (moving by means of
Thenumber of first and second models: 273806 nodes; jacks) allocations of CTMF are made above at
270117 elements. Quantity for the third model: the points of contact of CTMF with CTP T.

275751 nodes; 274236 elements. They are made by means of limited movements
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in three directions X, Y, Z. The load is applied at
of the bottom at the points of support on of
CTMF on the jacks;

— for the third variant (load on CTMF from SD)
allocations of CTMF are made in the bottom.
The load on the frame applied in the points,
where SD rests upon it, taking into consider-
ation horizontal loads from pitching.

Loads are modeled close to reality and have been
applied as a batch of concentrated forces. Design
scheme, the appointment of rigidities, movement
unions, load are set in the editing program «Design
scheme. Lira 9.6». Calculation results are visually
shown in «Graphical analysis. Lira 9.6» and in the
form of tables «Printing tables and Documentation.
Lira9.6» [15].

Design loads

Loads are divided into two categories: weight and
caused by environmental exposure (not by weight)
[4, 5]. Each category includes fixed and variable
load. Fixed loads include[4, 5, 7]: net weight bear-
ing and enclosing structures.

Variable loads are divided into movable (long
term and short term) — pressure from the jacks, wind,
and special — dynamic caused by pitching [5,7]. List
loadings calculation scheme shown in Table.

Load variables included in up loading L5, 6, 9,
10 from action of jacks attached to the installation
location of jacks.

Table. List of loaded design scheme

Design load combinations (DLC)

1. Moving of SD with CTMF over the building
site by means of skids < MAMOET> (L.1-2 + L6).

2. SDand CTMF in assembly with (1.1-3 + L4A+L5).

3. Transporting of the whole CTMF with SD over
the building site by means of <MAMOET> skids
to the dock stage 1. (L1+L3+L6+L9) scheme
with fixation in the points of skid installation.

4. Moving of the whole CTMF and SD around
the building site by means of skids ALE to the
dock stage 1 (1L9) scheme with allocations at
the points of UCT supprting.

5. Movingof the whole SD with CTMF by means
of barge stage 2 (L1+L3+L6+L7) scheme with
allocationsat the points of skid installation.

6. Moving of the whole CTMF and SD around
the barge stage 1 (L10) scheme with alloca-
tions at the points of SD supporting.

7. Transportation of SD and CTMF on the barge
taking into consideration wind and pitching
(L1-3 + L7). Pitching motions.

8. Transportation of SD and CTMF on the barge
taking into consideration wind and rolling
(L1-3+ L8). Rolling motions.

Limit strength criteria

Verification truss elements (of shelves, wall — cross
sections) for stress made by the following formulas
(p.2.4.2.3;2.4.2.4 [4]): in determining the stresses

barge on the sea (pitching)

Load number Load name Remark

L1 CTMF empty weight — 1000 tones Calculated

L2 SD weight without wind — 11264 tones provided by customer

L3 SD weight with wind provided by customer

L4 Horizontal force of the wind on SD provided by customer

L5 Horizontal inertial loading on CTMF while moving by means provided by customer
of skid of the firm «MAMOET»

L6 Horizontal inertial loading on CTMF while moving by means provided by customer
of skid-shoes of the firm <cMAMOET»

L7 Load on CTMF from SD while transporting by means of the provided by customer

L8 Load on CTMF from SD while transporting by means of the

provided by customer

barge on the sea (rolling motions)

moving on the barge Step 2.

L9 Load from jack groups (skids) of Company «<MAMMOET» at | provided by customer
moving on the construction site (to the pier) Step 1.
L10 Load from jack groups (skids) of Company «MAMMOET» at | provided by customer
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in the rated cross section of truss elements limiting
strength criteria TT and transportation:

o, <n-R, =252-265MPa,
o, <n- R, =252-265 MPa,
r, <0577 R, =144—151MPa,

where o, o,, 7, —sets of stresses in structures at
the point;
n, =0,68 — safety factor (table 2.4.2.5[4]);
R, =390-370 MPa — calculated yield stre-
ngth of the steel used in the brand D40W steel
thickness 30 and 30 to 50 mm.

Calculation results

Due to the calculations one received normal and
tangential stresses in the elements of the CTMF of
displacement element node mosaic from the calcu-
lated load combinations.

The highest travel capacity on Z-axis is obtained
with a combination of loads of DLC number 8, the
maximum value was 33.6 mm in the nodes of the
bearing plates of bond trusses along the axis I1.

It is connected with the fact that the SD center
of mass, which is based on CTMF is shifted towards
the axis IT of 2.0 m, the results are shown in Fig. 4.

Vladimir Sintsov, Vladimir Mitrofanov, Alexander Sintsoo, Sergey Mitrofanov

Taking into consideration difficult conditions of
CTMF bearing on the transport barge and further
while sea transportation under conditions of pitch-
ing and rolling mode to analyze the level of stress in
the elements CTMF and displacements of its sites
was one of the worst load combinations — to DLC
number 8.

Figure 5 shows the deformed circuits of the most
loaded truss with mosaics transverse longitudinal,
transverse normal and shear stresses and displace-
ments along the Z axis from the RSN number 8.

Longitudinal and transverse normal and shear
stresses in the most loaded elements have values

o, =—252..+ 258 MPa,

o, =—238..+ 231 MPa,

7, =—122..4+126 MPa,
which is below the calculated level of allowable
stresses. A maximum deflection of the cantilever on
the site was — 22.4 mm, which isless than 1,/400 of
elimination, and on the medial portion of the trans-
verse truss midspan deflection was — 14.62 mm, it is
less than 1,/1000 of the span.

Fig. 6 shows the deformed circuits of the most
loaded longitudinal truss with mosaics of longitudi-
nal and transverse normal and shear stresses and dis-
placements along the Z axis from the DL.C number 4.

-336 -28 224 -168

1
Mosanxa mepememensi no Z(G)
HIMEPEHIA - 300

0336 0

Figure 4. Displacements on Z-axis are obtained with a combination of loads of DLC number 8.
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Figure 5. Calculation results: a) longitudinal normal stresses in the CTMF transverse element truss; b) transverse
normal stress in the CTMF transverse elements truss; c¢) vertical displacement for interface elements of CTMF
transverse truss; d) vertical displacement for interface elements of longitudinal CTMF truss.

Longitudinal and transverse normal and shear
stresses in the most loaded elements have values

G, =—242...+ 253 MPa,

o, =-233..+225 MPa,

7, =—142..+150 MPa,
whichisbelow the calculated level of allowable stress-
es. A maximum flexure on the console division was
+28.2 mm, which isless than 1,/400 of the span,and on
the medial portion of the transverse truss midspan de-
flection was +65.4 mm that is less than 1,/600 of the

span. Stressesin the transport frame elements are pre-
sented as contour plots of stress, see Figure 6. In the
results of the calculation the most loaded elements of
transport frame from three loading variants are pre-
sented. Voltage elements in the computer model for
different schemes of loading.

Construction of elements and nodes of CTME, their
pairing together was based on analysis of the calcula-
tion results of the dimensional model. In the walls and
shelves of CTMF truss elements on separate sites and
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Figure 6. Calculation results: a) design scheme with a dedicated — longitudinal bearing truss of CTMF; b) longitudinal
normal stresses in the upper zone of the longitudinal truss; ¢) transverse normal stress in the upper zone of the
longitudinal truss; d) shear stresses in the upper zone of the longitudinal truss.

places of interfaces and change in section, where
surge was discovered, one provided constructive
measures to reduce stress levels, which are as fol-
lows:
- asmooth transition in the change field cross sec-
tions at least 1 to 5, or on radius;
- Installation of additional edges in the junction
of adjacent elements;
- anincrease in the thickness of sheet metal in the
zone of high stress.
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CinuoB Bosoaumup IletpoBuy — K. T. H., I0IeHT Kadegpy MeTaleBUX i JepeB'ssHUX KOHCTPYKIiii HarioHambHOT
aKazieMil IPUPOZOOXOPOHHOTO Ta KYPOPTHOTO OV BHUIITBA, WieH-KOP. Akaaemii 6ynisuuiTea Yipainu. Haykosi inrte-
pecH: MeTaseBi KOHCTPYKIIil BUCOTHUX CIIOPY/ 3B'A3KY 1 HeTPaAUIIITHUX /Kepes eHeprii (Beski i mormm), MeTasnesi
KapKacu 6aratornoBepxoBux OyAiBesb IPU CEHCMOCTIHKIN Oy AiBHUIITBI, OMOPHI KOHCTPYKIIil MOPCHKUX CTAJIEBUX CTa-
MiIOHAPHUX TIaT(hOPM.

MurpodanoB Boroaumup OuexciiioBuy — K. T. H., I01eHT Kadepu MeTaJleBUX i JiepeB'sHUX KOHCTPYKIiit Harttio-
HaJIBHOI aKajileMii TIPUPOI0OXOPOHHOTO Ta KYPOPTHOTO OYIiBHUIITBA, YwieH-Kop. AKazemii OyaisruirTBa Ykpainu. Hay-
KOBi iHTepecu: MeTasieBi KOHCTPYKIIii BUCOTHUX CHOPYZ 3B'SI3Ky i HETPAANIINHUX JpKepes eHeprii (Bexi i morsm),
MeTaJIeBl KapKacu 6aratoroBepxoBuX OyAiBesb IIpU celicMOCTIilKiil Gy i BHUIITBI, OIIOPHI KOHCTPYKILT MOPCHKUX CTa-
JIEBUX CTaIliOHAPHUX TIATGOPM.

Cinos Ounexcanzap BoaonumupoBuy — acuctenT Kadeapyn MeTaneBUX i JepeB'ssHUX KOHCTPYKIiii HarioHambHOT
aKa/eMii IIPUPOI00XOPOHHOIO Ta KYyPOPTHOTO OyAiBHUITBA. HayKoBi iHTepecy: MeTajieBi KOHCTPYKIIii BUCOTHUX CIIO-
DY 3B'SI3Ky 1 HETpaAUIIHHUX JKepes eHeprii (Bexi i morin), MeTaieBi Kapkacu 6araTormoBepXOBUX OYIiBesSb MPH
ceflcMOCTIiiKil GyAiBHUITBI, OIIOPHI KOHCTPYKIIi MOPCHKUX CTAJIEBUX CTAIlIOHAPHUX MIAT(HOPM.

Murpodanos Cepriit BoroauMupoBuy — K. T. H., CTapIInii BUKJIaza4u Kadeapu MeTaneBux i iepeB'sHUX KOHCTPYKILii
HartionasmbHoi akaaemii mpupoI00X0pOHHOTO Ta KypopTHOTOo OyaiBHuITBA. HayKoBi iHTepec: MeTaieBi KOHCTPYKIIii
BUCOTHHUX CIIOPY/I 3B'SI3KY 1 HETPAAWIIHHIX JKepes eHeprii (Beski i Mmoran), MeTaieBi Kapkacu 6araTormoBepXOBUX
Gy tiBeJb IPU CEHCMOCTINKIN Gy BHUIITBI, OMOPHI KOHCTPYKIIT MOPCHKMX CTAJIEBUX CTAIIOHAPHUX TIAT(POPM.

CH]—[].[OB BJIaZ[I/IMI/Ip HeTpOBI/I‘I — K. T. H., IOOEHT Ka(be]lpbl METaJIMYECKUX U JE€PEBAHHBIX KOHCprKHHfI Hanumonasns-
HOW akajeMuun MIPpUPOAOOXPAHHOIO U KYPOPTHOTO CTPOUTEJJbCTBA, YJIEH-KOPP. AKaI[eMI/II/I CTPOUTEJIBCTBA YKpaI/IHI)I.
Haquble HUHTEPECHL: META/VIMYECKNE KOHCTPYKIIMU BBICOTHBIX COOpy}KeHI/Iﬁ CBA3U U HETPAJAUIIUOHHBIX UCTOYHHUKOB
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HarmonanpHoll akajieMuyt TPUPOI0OXPAHHOTO U KYPOPTHOTO CTPOUTEIBCTBA, UIEH-KOPP. AKa/leMIH CTPOUTENbCTBA
Ykpaunbl. Hayuynble nHTEpeCh: MeTAITMYeCKe KOHCTPYKIIMM BBICOTHBIX COOPY’KEHWH CBSI3U M HETPAJAMITMOHHBIX
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MCTOYHUKOB dHepruy (OAITHA 1 MAyYThI), META/UTNYECKHIE KAPKAChl MHOTOITAKHBIX 3AHUN MPU CEHCMOCTONKOM CTPO-
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T MOPCKUX CTAJbHBIX CTAIIIOHAPHBIX MJIaTGOPM.
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