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WELDING RENOVATION OF SUPPORTING UNITS IN
GAP-CROSSING PIPELINE STRUCTURES

A.R. Dzyubyk', V.M. Palash’, I.B. Nazar’, L.V. Dzyubyk’, R.V. Palash’

Existing elements of overpass's supporting units in pipeline transport had been
analyzed. Also in this project operational loads that occur in areas of land pipelines were stu-
died using a mathematical model that takes into account the possibility of vertical displace-
ment supporting structure. Proposed to use welded /-beam section as a cross-bar for support.
Calculation of selected beams and selection geometrical sizes of elements depending on the
applied load were done. We have analyzed the influence of welding cycle on the formation of
stress and deformation occurring at manufacturing of metal cross-bar /-section.
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Introduction and urgency of the problem. Pipeline overpasses occupy 2 %
of the total length of pipelines, what is quite small amount. But they greatly affect the
total performance of the system.

Gap-crossing structures or pipeline bridges serve to avoid major natural or
man-made obstacles, such as steep cliffs, deep ravines, large boulders, swampy areas,
roads or railways. Supporting units must be not just strong enough to support the pi-
peline (weight of the pipes and liquids or gases in it etc.), but also must be strong
enough to face the influence of the external factors (the influence of the environment,
axial position, subsidence of pillars etc.) Last can greatly change tensions that can le-
ad to cracks [1, 2].

Usage of standard building components and their installation schemes do not
always satisfy the operating conditions, especially in potentially dangerous areas like
mountain massifs. There may be a slight overload cross-bars supporting units support
pipeline. In particular, under the influence of temperature changes (daily and seaso-
nal), changes in operation modes pipelines all that can lead to horizontal and vertical
movement of pipes leading to cracking (Fig 1, a) and fracture of standard concrete
structures (Fig. 1, b).

_ b) L.
Fig. 1 gap-crossing supporting unit [4]:
a) cracks in concrete cross-bar; b) cross-bar fracture
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One way to restore supporting unit are installing on them a metal casing caps
that are connected to metal bolt [4, 5] After removal of the destroyed concrete beam,
metal cylindrical structure was installed. However, the question of choice is not
disclosed. It is known [6] that complex beam cross section are used more often. They
take into consideration specifics conditions (presence of a significant cross-load), and
the cost of materials and complexity of manufacturing is more economical compared
to other types.

Main task and object of the work. In designing beam engineering structures
static calculation scheme must be performed. We have to determine the estimated ef-
forts of the load and make constructive design that would satisfy the requirements of
strength, stiffness, durability and operating conditions. Taking into account the condi-
tions of a cross-bar [1-4] and system of loadings metal welded /-beam should be
used. It is important to evaluate the welding deformation of the structure.

Main part. Installing duty operation perform for lifting the pipeline to repla-
ce the cross-bars. Thus there is a change of reactions in towers and redistribution of
bending moments at least in two adjacent runs.

In this project mathematical model is used that represents the pipeline in the
form of a continuous beam many supporting beams, mounted on bearings with the
possibility of vertical adjustment [7, 8]. To determine the moments and reactions of
towers a system of linear algebraic equations were used derived from the conditions
of equality beam deflection, elastic movement of supports and conditions of the ba-
lance of forces and moments:
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where a;,k;,z;, i =1, Ng — coordinates, compliance rates and the initial position sup-
ports; [dm,d,,,ﬂ), m=1,2,..,Np — some parts of the flyover pipeline where the ben-
ding rigidity D,, = (ﬂd;m(smEm)/ 8 is constant, d, . O, E, diameter, thickness and Yo-
ung's modulus of deflection; at points ¢, k=12,..,N, concentrated loads act on the
pipeline B, and at [b;,b;41), j=1,N, (within the areas of a constant rigidity) distribu-
ted load of constant intensity ¢;. Than A;=b;,,—b; Sustainable length of the load,

and b} =(b;.1+b;)/2 — their centers; R;, i=1,Ng— supports reaction; &(x) — Dirac
function, 6(x) — Heaviside function; K (x,&) — Cauchy function; wo, 6, M, ,0p initial
parameters of deflection, angle of rotation, bending moment and power of section;
H(x) — Cauchy integral of the function.

Using equation (1)—(3) we can get the necessary information to perform repair
work. For this we use the results of pipeline inspection (the reaction of some sup-
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ports, their relative spatial location and position of the axis of the pipeline). It is actu-
al for the case of study sites of pipes adjacent to the ground where their elastic inte-
raction leads to reduction in the burden on the edges of the pipe and the correspon-
ding increase on neighboring pillars. This pipe is considered as a system of finite rod
elements mounted on elastic bearings [7].

Analysis of the results showed that the value of reactions supports changes in
the operating and repairing load may significantly grow. When designing pipelines or
performing their repair the value of supports reactions ranging from 50 kN to 100 kN.
The influence of external factors such as landslides, supports compliance etc. increase
this amount to 200 kN.

Conditions of design. Consider the design of welded beam length 1 =
5500 mm, which is free on supports. Because of the significant burden and advice li-
terature [3, 6] will use structural steel brand 15 XCHJ/] that has now foreign analogs.
It is characterized by good technological weldability and not prone to cracking as a
result of the thermal cycle of welding. Allowable stress factors based on the conditi-
ons 0.9 and set overload n = 1,2 at [o] p = 225 MPa. Beam cross-bar evenly loaded
with its own weight (¢) and two point loads (P) of pipelines (Fig. 2). The distance
between the axes of the pipes is 2.5 m, they are located symmetrically relative to the
center of cross-bar. Due to the influence of natural factors pipes can do transverse
movement. The largest beam deflection of cross-bar (f) shall not exceed 1/500 of its
length. Planning is done on the basis of existing pressures, the possibility of transver-
se displacement of pipes and provision of general and local strength. The size of the
load (P) taken as 100 kN

Calculation of loads from concentrated forces carried out we take like one of
the pipes is located above the top line of influence and that is My =0,227 MNm . This
line spur of the moment and transverse forces built to analyze possible cases of pipe
displacement across cross-bars in the transverse direction.
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Fig. 2 Calculation of loads in the beam, P, q — load from pipe weight and cross-bar

Then resistance torque, taking into account the allowable stress, will be

W =0,000677 m’. The total value of the transverse force concentrated and evenly
distributed loads equal Qs =156,33 kN.

Designing of cross-bar welded beam. The lowest elevation beam stiffness of

fmax :L

[ 500

geometrical characteristics of beam get the following relationship [7, 8]:

?=0,8[0‘]p-l[l—(4/3)(a/l)2}/(4Ef)=O,096. Then, for the length of cross-bar

conditions — is

(Fig. 3, a). After consideration of allowable stresses and

5.5 m, its height by stiffness will be 0.53 m. To determine the height of the smallest
section, you must know the thickness of the vertical sheet. For this purpose, the follo-
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wing approximate equation is used: 53=%'5h=5,828:6 mm. than—

h=(13+14) M/ 85-[0] =(0,437+0,471) m.

Since the resulting value is greater than the required minimum, we take the
height of the vertical wall (/) equal to 0.5 m. It takes into account the installation of
two shelves designed for /-section. Using the previous calculations, you can set the
required cross-sectional area of a shelf: F = 850 mm’. Then, accordingly, its
thickness (5,) will be 10 mm, and the width (s,) 85 mm. The resulting geometric
characteristics of beam cross-bar shown in Fig. 3 b.

Checking for most normal stress in the surface layer of the beam:

Omax = % ymax = 229,1 MPa and tangential tension at gravity center of the beam in its

reference section: T=% =60,8 MPa. This means that the construction satisfies the
B
conditions of strength.

Sustainability of the beam is achieved welding of stiffeners to the vertical
wall. We accept the distance between the stiffeners:
a=15-hp=15-0,5=0,75=0,8 m. To test the stability of the wall you must consider
the stiffeners, and then determine the critical stress and stability check of the
construction [6, 8]. Here, the normal stress in the surface layer of the vertical sheet is
01=229,1 MPa.

Average tangential tension of transverse forces in the middle run is:

T= Q _ 18,18 MPa. Local tension o, under concentrated force (Fig. 3, c):
BYUB

O = F =152,8 MPa. The value of the notional length ( z), which concentrated load
BZ

from the effects of a pipeline is divided in the vertical wall of cross-bar:

z=3,25-§/27"=5,45 cm.

To verify the installation stiffeners (Fig. 3, d) use is recommended in the lite-
rature [6, 8] following equation:

o O, ’ T ’
(+’”j +(j <1,
Oo OMo To

where o, —normal stress on the upper edge of the vertical sheet 7, - the average tan-
gential stress, oy, — factors that take into account the geometric characteristics of the
projected beam cross-bar.

Applying appropriate expression [6, 8], found that o, =600 MPa; 7, =2334
MPa; O =533,8; o, =152,8 MPa and 7=18,8 MPa, means

2 2
2291 + 152,8 + 18,8 =0,672<1 — vertical sheet resistance in the middle of a
600 533,8 233,4
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span is provided. Similarly, the test performed in other sections of the supporting pi-
pe-centers.

Design of welded joints. Legs upper and lower joints is taken equal to the
thickness of the vertical wall, K= 6 mm (Fig. 3, d). In the lower joints are tangential
o8
0,7-2-1-K
S — static moment relative to the center of gravity, / — inertia moment the beam.
Despite the fact that the working tension low, legs length is not changed. In the upper
joints, to the calculated stresses added value (7,,) from the concentrated power P. Lo-

stress: 7= =52,1 MPa. Here Q — the largest force in the transverse beam,

cal tensions at the joint K = 6 mm and the coefficient (n), equals the following:
n-P
Ty=——"—
2-2-0,7-K
[7]=0.65-[c] =146 MPa. Conditions strength: 7., <[] for designed welded joints

=87,3 MPa. Allowable stresses in lap joints determine the value of

(Tpes =4/7>+ 7,7 =90,4 MPa). Legs of stiffeners joints accept the same.
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Fig. 3. Calculation welded beams geometric parameters:
a) calculation the height of the beam depending on the stiffness conditions,
b) chosen profile of beams; c) taking into account the local influence of concentrated
force made by weight of pipeline; d) the location of the beam stiffeners
Definition shrink force and deformation. When welding stresses and deforma-
tions can affect the geometric dimensions of welded construction [9, 10]. For T (I)-
beams is the most significant bending. They are caused by shrinkage of longitudinal
joints. If first perform welding 7-beam and then /-beam the deformation of deflection
have to be find each weld separately. The difference between the obtained values will
cause the resulting deflection. Automatic submerged arc method recommended for
this type of structures [6]. Based on recommendations of literary data [9], to determi-
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ned weld legs (6 mm), accept that the welding current (/,,;) = 450 A; Voltage (U,,.) =
34 U; welding speed (¥) 40 m/h; efficiency (£) = 0,9.

Determine where the heat spreads from the welding heat source:
00=20,+03=2-10+6=26 mm. Then brought linear welding energy is:
_1Uy
Ve
[10, 11]: b,=b+b,, where b,b, — width heating to plastics and elastic-plastic defor-
mation in element.

q0 =4766 J/cm’. The dimensions of the active area by the Troche's method

0.4844,
cyT”
5,2 j/(cm3 °C)), by =Ky(hi—bi),i=12; h — width of areas where heat spreads; 7" —

Here: b= , Cy — volumetric heat capacity, j/(cm’® °C), for steels

temperature loss of stability of material (7" =600 for low-alloy steels). If % >30 cm,
than by is: by = K»(30—5) . Coefficient K, depends on ¢y and is calculated by the for-
mula [11]: K, =7.143-102+0.2086-1072- ¢, - 103 —0.054-107*. ¢, -1073.

So, K> =0.133. Then to the left and right sides of the shelf beams, for shelves
of I-beams by, s, = bog s = 0.133-(14—4.9)=1.21 cm. For vertical 4 >30cm, than
bop =0,133-(30—b) =3.33 cm.

Then to the left and right sides of the shelf beams for shelves.

Fy= (2b1+2b2]‘[+§B)5H+(bl+bZB)5B+K25

where K2 — sectional area of welds 7-beam. So, Fy =401,5 mm”. Then reactive tensi-

-Fy

ons by the Troche's method [10] equal: op = ;T
—Fy
of material (o, =350 MPa); F-sectional area (for 7-beam (F,,) 3850 mm?’ and for -
beam (F;) 4700 mm?). Then reactive tensions for 7-beam op; =40,75 MPa; and
opr =32,68 MPa for I-beam.
The obtained values allow to calculate the longitudinal shortening of beams:

, where o, — proportional limit

Plongltudmal .1

longitudinal __ * shrinkage
AlShorL -
E-F

b

where [ — the length of the beam (5500 mm); Ri&t™ = (o +|op|)- F, — shrink force

of longitudinal shortening; £ — Young's modulus.

Then we get that 7-Beam shrink force (Pl ) is 159,93 kN for the

-beam.shrinkage

longitudinal reducing (AlGE"“4™, ,,,,) 1,067 mm, and for I-beam P/°}%

I—beamshrinkage =

154,16 kN and Al_'ﬁ,“offit‘:“gf“i‘,_bmm =0,856 mm.
The next step is to determine the center of gravity of welding elements and
their active zones. This will help determine the bending moments during welding.

(Fig. 4): M, = Piigirde, , where e — eccentricity (distance from the center of mass
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the active zone to the center of gravity of the cross section of welded construction):
for T-beam 189,9 mm, for /-beam 246,2 mm.

Thus, the bending moments as a result of shrinkage forces are: for 7-beam —
Mx1=29793 N'm an M,;=37829 N-m for /-beam. From here you can find the def-

72
lection figures (/) from the cross-sectional moment of: f, = 8Mg lI . for T-beam
(fyr)is 13,24 mm, and for /-beam ( fy;) — 5,52 mm.
I I
|
e — b ——— |
;v'ﬂ" ————————————————— e b y
S S AR/
¥ Tr\ _n]leg_‘
L

Fig. 4 Calculation of T-beam deflection
Then we get the following definition of total deflection:
fys=fy1—fy1=7,72 mm.
Bending tensions that caused by this deflection, is of:

4-E h- o
O =———

B =111,5 MPa.

So, as a result of implementation of welding operations, there is quite a signi-
ficant deflection. It does not exceed the regulatory requirements for this type of ele-

ment % < ﬁ +7—(1)0 [6], but when performing repair work is necessary to take into
account. According to the sample above, other support structures were designed
(Table. 1) Taken into account the need for typical elements because their thickness in

all cases are the same.

Table. 1. Calculating beam's cross-sections for different loans.

P Calculated loans | Sizes of elements, mm Conditions of strength

’ 2 2

KN Mﬁﬁh O N| &y || 6p| 5o | B \/(;uaamj +(lj <1 |z <[7]

o0 Mo To

50 10,077 | 79,06 6  [320]10]74]52,1 0,598 50,0

100] 0,152 [ 156,33 6 [500] 10 | 851 54,5 0,672 90,4

150] 0,227 | 233,61 6 [530] 10 [140] 64,4 0,639 117,2

200] 0,302 | 310,87 6 [620] 10 [155] 66,6 0,897 149,1

As we see the increasing load on cross-bar makes necessary to use of large
cross section. In this vertical sheet resistance is provided in all cases. However, for
maximum load there is a slight excess of the limit stresses in welds. In this case it is
necessary to increase the thickness of the zone beams.
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For selected /-beam with it liner characteristics the calculation were made to
find the level of internal forces, causing shrinkage of the material after welding cycle
welding cycle is done. Since the legs and thick welds elements were the same in all
cases, the mode options match the options above.

Table 2. Calculations of welding stresses and deformations

P, F; 5 . ongi. fTa f X Obpd »
kN mrl\rllz Pil(—)l;legall'n.shrinkage . kN R/l—bgumshrinkage > kN HZ m f yl» mm nim Mb}‘)la
50 | 389.9 159,93 154,16 23,85 9,31 14,54 | 1373
100} 401,5 156,87 153,63 13,24 5,52 7,72 | 111,5
150] 459,1 178,57 174,04 8,42 3,34 5,07 | 77,5
200 474.,8 182,62 178,61 6,68 2,69 398 | 70,8

Thus, increasing the beam cross-section leads to increasing shrinkage forces
during welding on the same linear energies. This increases rigidity, which would re-
duce the total value of construction deformation and value of bending stress that it
causes.

Conclusions. Analysis used in pipeline transportation elements overpasses
show that the usage of welded beams in repair works allows to satisfy much more
exploitation conditions. The calculation and choice of beams geometrical sizes of ele-
ments for the case of the overpasses with two pipelines. Learned influences of wel-
ding cycle on stress and deformation occurring in the cross-bar. The total welding de-
formation can be from 4 to 14 mm. Therefore, to satisfy specified position welding
deformations should be taken into account.
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/Biooux A.P., Ilanaw B.M., Hazap L.b., /[3100uk JI.B., Ilanaw P.B. 3acto-
CYBaHHSl 3BapHUX OMOPHHUX BY3JiB Mil Yyac peMOHTY HAa/J3eMHHUX MepexoiB Ma-

ricTpajJsHUX TpyOonpoBoaiB

I1poananizoBaHo HasBHI €JIEMEHTH OMOPHUX BY3JIiB HAI3EMHUX MEPEXOiB y TpyOoNpo-
BitHOMY TpaHcnopti. BuBueno excrutyaTarilini HaBaHTaXeHHS, SIKi BUHHKAIOTh Y HAJI3EMHHX
JUTHKAX MaricTpaabHUX TPyOOIPOBOAIB i3 BUKOPUCTAHHAM MaTeMaTUYHOI MOJENI, 10 Bpa-
XOBYE MOJKJIMBICTh BEPTHKAJIBHOTO 3MilllEHHS OTNIOPHUX BY3JIiB. 3alpOIIOHOBAHO BHKOPHCTO-
ByBaTH 3BapHy GajKy JBOTaBPOBOro mepepisy juis purens oropu. IIpoBeeHo pospaxyHok
MPUHHATOI OAJIKK Ta BUOIp reOMETPUYHUX PO3MIPIB i €JIEMEHTIB 3aJI€XKHO Bijl IPUKIIAICHOTO
HaBaHTaKeHHs. JOCIi/KEHO BILIMB 3BapiOBAILHOIO LIUMKITY Ha HANpYKeHHs Ta Aedopmarii,
1[0 BUHHKAIOTh I1iJ[ 4aC BUTOTOBJICHHS METaJIeBOr0 PUTEIIsl IBOTABPOBOTO TIepepisy.

Kniouosi cnosa: onopa, TpyGONpoOBi, HanpyKeHHs, 3BapHHIl IIOB, MilHiCTh, HECHA
371aTHICTD.

/BB1oovik A.P., llaraw B.H., Hazap H.b., /[310006ik JI.B., Ilaaraw P.B. Tlpn-
MeHeHHEe CBAPHbIX OMOPHBIX Y3/10B MPU PeMOHTE HAA3eMHBIX MepPexoa0B Maruc-

TpaJIbHBIX TPYOONPOBOAOB

[Ipoanan3upoBaHbl CYIECTBYIOIINE JIEMEHThI OTIOPHBIX Y3JI0B HA/I3EMHBIX MTEPEX0I0B
B TpyOONPOBOIHOM TpaHcropte. M3ydeHbl 3KCIUTyaTallMOHHbIE HArpy3Kd, BO3ZHHUKAIONIHE B
HAJ/I3EMHBIX Y4aCTKaX MarucCTpalbHbIX TPYOOMPOBOIOB C UCIOIb30BAHUEM MATEMATHUYECCKOM
MOJICTIH, YYHUTHIBAIOLICH BO3SMOXKHOCTh BEPTHUKAIBHOIO CMEIIEHUS OMOPHBIX y3IoB. Ilpeio-
JKEHO KCIIOJIb30BaTh CBApHYIO 0ajKy JBYTaBPOBOTO CEYEHWs JUisl purelist oropsl. [IpoBeneH
pacueT GajKi U BBHIOOP FE€OMETPHUYECKUX PAa3MEPOB €€ 3JIEMEHTOB B 3aBUCHMOCTU OT MPUIIO-
JKEHHOM Harpy3ku. Mceie1oBaHO BIMSHUE CBApOYHOrO IIMKIIA HA HANPSHKEHUS U 1epopMarinu,
BO3HMKAFOIIHE TIPH U3TOTOBJICHUN METAUTMYECKOTO PUTEIIS JIBYTaBPOBOTO CEUCHUSI.

Knruegvie cnosa: onopa, Tpy0o0IpoBo/I, HAMPsKEHHE, CBAPHOI 1I0B, IPOYHOCTH, HECY-
mast CHoCOOHOCTb.
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BUKOPHUCTAHHA IIVIACTUKOBUX JIOTKOBUX CUCTEM
AJIA IIEPBUHHOT'O TPAHCIIOPTYBAHHA JEPEBUHHU

B.B. Kuii', I.®. Konsoacun®

[MopyieHo npo6iaemMy TEeXHOJIOTIYHOrO OCBOEHHS CYXOCTIMHHMX SUTMHOBHX HAaca/UKCHb
Ha cxuiax Kapmar. [IpoananizoBano MosmBi 3ac00M MEPBHHHOIO TPAHCIIOPTYBAHHS Jepe-
BUHM I1iJ1 4ac 1X po3pobiieHHs. OLiHeHO MONIKOKEHHS, SIKi BHHUKAIOTh YHACIIZI0K BUKOPHC-
TaHHS Pi3HUX 3acO0IB TPETIOBAHHS JACPEBUHU Ta e(peKTUBHOCTI X BukopucranHs. OOGrpyHTo-
BAHO JIOLJIbHICTh BUKOPUCTAHHSI IUIACTUKOBUX JIOTKOBHX CHCTEM Ha TPEIIOBAJIbHI B IPCHKIX
YMOBAX I1iJ1 4ac 3aroTiBebHUX POOIT y CyXOCTIIfHMX HAaca/UKCHHSX.

Knrwwuosi cnosa: 10TKOBI crCTEMH, TPAHCTIOPTYBAHHS, CYXOCTIMHI Haca/KEHHS, TEXHO-
JIOTisl, JIePEBUHA.

! jou. B.B. Knuit, kaun. texs. sHayk — HIITY Ykpainu, M. JIbBiB;
2 nupektop 1.d. KomsmkiH, KaH/I. C.-T. HayK — Jep)KaBHE MiANPUEMCTBO "BpOIIHIBCKE JIICOBE rOCIIOIaPCTBO"
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IMocTanoBka nmpodJjeMu Ta aHaJli3 OCHOBHMX MyOJikauiii. YkpaiHa Haje-
KHTb 10 €BPONENCHKNX KpaiH i3 3HAYHUMH 3aracaMy JepPEeBHOI CUPOBUHHU. 3arajibHa
TUTOIIA JTICIB CTAaHOBUTH Onm3bKko 11 MiutH Ta, 3 sikux 20 % JiCOCMPOBMHHUX 3aracis
30cepemkeHo B ripcbkomy Kapnarcekomy perioni [1]. Jlicu Kapnar maioTh Han3Bu-
YyaifHO Ba)K/IMBE BOJOOXOPOHHE, TiAPOKJIiMaTH4HEe, NPOTUepO3iiiHe Ta caHiTapHO-Ti-
rieHiyHe 3HayeHHA. BoHM perynoroTh MOBEpXHEBUid CTIK i MOMITHO BIUIMBAIOTH HA
rinposoriunmii pexkxnm [nictpa, Ilpyty, Tucu Ta ixuix nputok. JlicoBi OaraTcTBa
Kapnar BinirpatoTb BayKJIMBY poJib y PO3BUTKY HalliOHAJLHOTO rocrnoaapcrsa. Jlico-
3a0e3MeyeHiCTh y po3paxyHKy Ha OfHy ocoOy crtaHoBuTh TyT 0,42 ra i 73,8 M* nepe-
BUHU [2]. OnHak, BapTO 3a3HAUMTH, L0 YIIPOJOBK OCTaHHIX pokiB Ha Teputopii Kap-
nat BiAOyBa€eTbCA IHTEHCHBHE BCHXaHHS SUIMHOBUX HAaca/UKeHb. | AK HArojolleHo y
HauioHambHUX OMOBIJSIX MPO CTaH TEXHOTEHHOI Ta MPHUPOAHOI Oe3rnekn B YKpaiHi,
micist 2005 p. BenxaHHS sMHHMKIB KapmaT TpakTytoTs sik ctuxiiine smxo: " st Kap-
MaTCHKOTO PETioHy 3HAYHOIO MPOOJIEMOIO 3aIMIIAETHCS BCUXAHHS MOXiTHUX SJIMHHHU-
KiB, TOOTO, TaKuX, SIKi POCTYTb Yy HEBiJIOBITHHUX JIICOPOCIMHHUX YMOBaX. ... Bcu-
XaHHA AIMHHUKIB y KaprnaTax po3risfaioTh BKe K CTUXilHe JIMXO0, MPUYMHOKO KO-
T0 € 3HIDKCHHS MPHUPOIHOTO IMYHITETY Ta OCNIabJeHHS HAca[KeHb BHACIIIOK TJIO-
0aTbHOTO MOTETUTiHHA KITIMaTy, TEXHOTCHHOTO 3a0pyIHeHH atMoc(epH i IpyHTYy Ta
HEBiIMOBITHOT JTicorocnoapchbKol MistmbHOCTI B MuHYsIOMY" [3].

BinbuicTh HAYKOBLIB CXWJISIIOTBCS 0 AyMKH, IO Oy/b-sKa 3aKOHOMIpHICTh
BCUXaHHA SJMHHUKIB MION0 PO3MIIIEHHA Ha cxXwiaxX (MiIHDKKS, CepearHa CXUIY,
BepXiBKa), TJIOII BCUXaHHS, Opi€HTallil 32 CTOpOHaMM CBiTy BincyTHs [4-6]. OTxe,
mpobiieMa MacITaOHOTO i He3aKOHOMIPHOTO BCUXaHHS SUTMHOBUX JIICIB B YKpaiHCh-
knx Kaprmarax € akTyaiapHOIO i OTpedye pamioHaabHOTO i eheKTUBHOTO pillleHHS,
OJTHHM 3 SIKUX € CBO€YacHe TIPUOMPaHHS BCOXJINX JIEPEB.

IMocranoBka 3aBnanus. Tpeda 3ayBakUTH TAKOXK, 1110 3aCTOCOBYBAHa 3apas
y Kapnarax texHosorist j1ico3aroTiBili TPpU3BOANTE 10 3HAYHWUX HETaTUBHUX 3MiH y
JIiCOBe cepelmoBHUIIIe i Xif JIICOBIMTHOBHMX TpoleciB. TexHomoTiuaMi mporec Jico3a-
rotini y KapmaTtax roJloOBHO TPYHTYEThCS HA HA3eMHOMY TPENTFOBaHHI, sIKe 3iCHIO-
I0Th TIPUMITHBHO OOJIAIITOBAaHUMHU TPETIOBAJIBLHIMHU BOJIOKaMH Ha 3HauHi Bignaii. Le
MPU3BOANTH [0 3HAYHHMX, YAaCTO HE3BOPOTHHX, CKOJOTIYHMX IMOLIKOMKEHb: PyHHY-
BaHHS IPYHTOBOTO MOKPWBY, 3a0pyIHEHHsS BOAHUX TMOTOKIB, aKTHBI3alii epo3iifHIX
TMIPOIIECIB i MOIIKOKEHHS IepeBocTany [8].

CuTyallist TOCHIIOETHCS Y pa3i MOTpeOn BUKOHAHHS CaHITAPHUX BHOIPKOBUHIX
pyOOK, SK HamnpHKJIag NPUOMPaHHS CyXOCTIMHMX HacaKeHb, KOJHM HEBEJHKY KiJlb-
KiCTh BCOXJIUX JIepeB MOTPiOHO MpUOpaTH 3a KOPOTKHIA Yac, a X PO3MilIeHHS 10 Te-
puTOpii TicomacuBy f0BifbHE. Toxi 3acToCyBaHHS TPAAWLIHHOT TEXHIKH 1 TEXHOJIOTIT
MPU3BOANTH 10 3HAYHHUX MOIIKOKEHb HABKOJIMIIHBOTO CEPEelOBHUINA, OCOOINBO Lie
CTOCY€ThCSI OTepalii MepBUHHOTO TPAaHCIIOPTYBaHHS 3aroToBieHOl aepeBuHU. [1oT-
piOHO mIyKaTh HOBi, €(heKTHBHI TEXHOJIOTIUHI CIOCOOM PO3pOOJIEHHS MiNSTHOK BCOX-
701 AepeBUHM, sKi 3a0e3nednny 6 HaliMeHIIniT HeraTUBHUI BIUIMB HA TOBKIJUISA.

Bukiaa ocHoBHOro marepiany. TpaHCOpTyBaHHS JIEPEBUHU € OJHIEIO i3
HaMBUTPATHILINX Ta €KOJOTIYHO HaliHeOe3NMeYHIINX TeXHOJIOTIYHUX Omnepaliil y BU-
pOOHUYOMY TIpOIeci 3aroTiBi JepeBUHU. Bimomi Tpu MpUHLIMMIOBO pi3Hi 3a croco-
00OM TpaHCTIOPTYBAHHS EPEBUHH TEXHOJIOTIT TipChKOT JIiCO3aroTiBlli: Ha3eMHE TpaH-
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