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THE OPERATING MODEL OF THE MAINTANCE PROCESS OF

COMPLEX TECHNICAL SYSTEMS
ONMEPATOPHA MOJEJIb MTPOLECY TEXHIYHOI'O OBCJIYT'OBYBAHHSI
CKUIAJJHUX TEXHIYHUX CUCTEM
Tarasenko S.M. / Tapacenko C.M.
adjunct /ao tonkm
ORCID: 0000-0002-8779-5621
Military Academy (Odesa), Odesa, str. Fontana Road, 10, 65009
Biticbkosa axaodemisn (m.Oodeca), Odeca, @onmancwvka dopoea, 10, 65009

Anomauia. /lana poboma € HAYKOBO-MeopemuyHolo cmammero, y AKiU O0CAI0OHCEHO
npoodeMy 8UKOPUCTNAHHS ONepaAmopHUxX mooeell OJisl AKICHO20 8UKOPUCIAHHSA iX Npu NJaH)8aAHHI
eKCNIYamayiiuHux 3axo00i8 Ha MexHiyi, 3p0OeHo 0210 imepamypu 3 NOCmMaegieHoi npooiemu. Y
cmammi po32isHymo nepexio 3a MexXHIYHUM CMAHOM 00 €KMi8 CKIAOHUX MEXHIYHUX CUcmem 00
cucmemu MexHiuHo20 00CIY208Y8AHHA MA PEMOHMY I3 3ACMOCYBAHHAM ONEpAmMopie Cmawuy, sKi
MICHO NOB S3aHI MidC c00070.

s 0ocsaenenus nocmasnenoi memu pobomu UpPiueHo psao 3a80aHb, MAKUX K NPOBEOeHUl
aHani3 ICHYYUX Mooerell HCUMMEBO20 YUKILY, CHOPMOBAHO MUNOBY KOHUENYIID HCUMMEBO20
YUKTY, CUCMEeMAMU308aHO CKIAO OCHOBHUX emanie JHCUmme8o20 YUKLY Odid MONCTUBOCHE
BUKOPUCTNAHHSA 8 NIAHYBAHHI 8 CUCTNeMAX NIOMPUMKYU A NPULHAMMIE PilleHb.

Knrwouoei cnoea: onepamophi mooeni, CKIAOHI MEXHIYHI CUCEMU, HCUMMEBUU YUKI,
MmexHiuHe 00CY208)8aHH S, PEMOHM, NIAHYBAHHS, CUCMEMA NIOMPUMKU NPUUHAMMS PilleHb.

Berym.

JlOCTiIKEHHIO JKUTTEBOTO LMKy CKJIATTHAX TEXHIYHUX CHCTEM MPHUCBIUCHO pn
myOJTiKaIii SK B HamIiid KpaiHi, Tak i 3a 1 Mmexkamu. bynp skuit 00’ €KT ekcruTyaTarii
Mae OOMEXEeHY TPUBAJICTh CBOTO ICHYBaHHsS, TOOTO BIH MAa€ CBIM KUTTEBUU ITUKIL.
Jlep>kaBHUM CTaHJIapTOM BCTAHOBJICH1 CTaJli KUTTEBOrO IMKIY Ta BHUKJIAJEHI
3arajbHl YMOBU JIO0 TPOIECIB Ta 3MICTYy pOOIT MTPOTATOM KUTTEBOTO IHUKIY.
[Hdopmaliis mpo eranu KUTTEBOTO LUKITY € BKpail BAXKJIMBOIO, BOHA J]A€ MOXKIIUBICTh
BU3HAYATH PAJ] BOKIMBUX MOKA3HUKIB €()EKTUBHOCTI HOTO BUKOPUCTAHHS.

OcCHOBHUI TEKCT

Po3BuTOK TexHIKM Ta ii CKJIaJOBHX HaOyB ChOTOJHI HEaOWAKOrO MOTEHIlIATy
OCOOJIMBO PO3TJISAAI0YM CKIIAAHI CUCTEMHU YIIPABIIHHS, PAIOTEXHIYHI Ta MEXaHIYHI
CUCTEMHU TOWIO, OCOOJMBICTh PO3BUTKY SIKMX CIPSAMOBAHI Ha BUPILIEHHS MHUTAHb
HaIIHHOCTI Ta O€3B1IMOBHOCTI.

XapakTepHOIO OCOOJIUBICTIO CKJIQJHUX TEXHIYHUX OO0'€KTIB CHELialbHOTO
OpPU3HAYCHHA € HasgBHICTh B iX CKIaAl BENUKOI KUIBKOCTI PI3HOTHUITHUX
KOMIUICKTYIOUUX €JIEMEHTIB, SIKI MalwTh PI3HUA PIBEHb HAIMHOCTI, pi3HI
3aKOHOMIPHOCTI MPOLECiB iX 3HOCY 1 cTapiHHs. [l ocoOnuBicTH BMMarae OUIbII
TOHKOT'O MiIXOly JO OpraHizallii Ta rmiaHyBaHHs TexHi4Horo oociyroByBaHHs (TO) B
mporieci ix ekcruryararii [2].

Posrmsmaroun  ekcruryartamiiiHy JOBrOBIYHICTh MEXAaHIYHHUX CHCTEM BapTo
3a3HAYUTH, 110 OCHOBHUMH 3 YMHHHUKIB €KCIUTyaTallliHUX BTpAaT € SBUIIE
BTOMJIFOBAHOCTI CKJIQJIOBUX MEXaHI3MIB (CHCTEM) UM palTOBI HABaHTAXKCHHS, SKi
3HAQYHO TMEPEBUINYIOTh PO3PAXYHKOBl KPHUTEPii JOMYCTUMHUX HaBaHTAXEHb, IO
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MPU3BOJATH JO TIOJIAMKH JeTaliel (CKIaJ0BHUX), Ta MOXKINBE BUHUKHCHHS
3aKJIMHIOBaHHS CIIPshKeHb. OJTHUM 3 BarOMUX IMOKAa3HUKIB BUXOY 3 JIAY € JIFOJICHKHIA
(dakTOp HESAKICHOI eKCIUTyaTallii, $SK HacliJOK BIACYTHbOI ab0 HEJOCKOHAIO1
HABUYEHOCTI EKCIUTyaTalliiHIX 0COOIMBOCTEN TeXHIKU (00’ €KTY).

JKuTTeBHiA UK SKCILTyaTaIlii 00’ KTy BapTO PO3TIIIHYTH K CTPYKTYPHY CXEMY
y sIKili Ha 00’€KT eKCIUTyaTarlil JiF0Th Pi3HOTO POAY MOB’si3aHI MIXK CO0010 (haKTOpH.
CrpyktypHa cxema cuctemu 3abe3nedeHHs excruryaranii (C3E) ctucno BimoopaxkeHa
Ha pucyHky 1 (puc.1).

-

- i “~
P EdbekTuBHICTb \

7 ekcnnyatauii .
A Y
==
Cuctema Cuctema
- .
[oonpaLBaHHs KOHTpOIO Ta
Ta MogepHisauji ynpaBniHHSA
+#
YTPUMAaHHSA
. .CMCTeMa T " 1 Cucrtema |
BiOQHOBNEHHSA - YTPUMaHHA
YmoBu
N -~ ekcnnyaTauii - ”

o oy g

Pucynok 1 - CrpykrypHa cxema C3E
IDicepeno: [1]

MeTtoro 300pakeHOi CXeMHU € CTUCIIE MPEACTABICHHSI TEXHOJIOTTYHOTO MPOIECy
BUKOPUCTAHHSI O0’€KTY Yy BHIJISAI B3a€MOIIOB'A3aHUX €JIIEMEHTIB - MIJICUCTEM - 3
BU3HAYCHHSIM METH iX (YHKI[IOHYBaHHS Ta BHU3HAYECHHS iX BIUIMBY Ha IHII
nigcucremu. llpencraBiieHa cxema Ha TMEpIIME TMOMVISIA € TPOCTa, ajle BOHA
MPEACTABIISIE HAM TEXHOJIOTIYHY CHCTEMY, CKJIAJJOBUMU YaCTHUHAMH SKOI € OKpemi
MMIJICUCTEMHU TICHO IMOB’SI3aHUMH MK COOOI0 1 caMe 3a JOIIOMOI'OK JAaHOI CXEMU
MOJKJIMBO ONHCATH CKJIAJAHI TEXHIYHI CHCTEMH, K1 Ha ChOTOAHIIIHIN JSHb HAC BCIOIU
OTOYYIOTb.

Mogeni KUTTEBOTO LUKIY TEXHIYHOTO 00’€KTa MOXYTh OyTH pizHUMHU. lle
OOyMOBJICHO SIK 1X PI3HOMAaHITHICTIO, TakK 1 croenudikow iX BHUKOPUCTAHHIL.
He3Baxatoun Ha Te, 10 JKUTTEBI LUKIM JUIsI KOKHOTO OKPEMO B3SITOTO BUIAAKY
MOXXYTh CYTT€BO BIJIPI3HATHCS, al€ ICHYIOTh JEsAKi 3araJbHOMPUUHSATI MOJENI, SKi
MOXXYTb CTaTH 0a30BOI0 OCHOBOIO.

JInst MonmenmtoBaHHS CKJIQJHUX TEXHIYHUX CHCTEM OCOOJIMBO B YMOBax
HEBU3HAYEHOCT1 3aCTOCOBYIOThH OIMEPATOPHI MOJIEN1 B1IOOPAKEHHS YKUTTEBOTO ITUKITY
00’€KTY, caMe BOHO € BIIYYHUM Ta JOULIbHUM.

OnepaTopHa MOJEIb TEXHOJOTIYHOTO NPOLECY CKIAAAEThCS 3 JIAHLIOra
B32€EMOIIOB'SI3aHUX €JIEMEHTIB - OINEpaTOpiB, 3B'I30K MIK SKHUMH 33J0BOJBHAETHCS
3aBISKH ITOTOKaM BILIUBY.

B mporieci ekcrimyartaiiii 00'€éKT B KOXX€H MOMEHT 4Yacy MOJKE 3HAXOJUTHUCS B
OJIHOMY 3 HAaCTYITHUX CTaHIB:
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— CIIPAaBHHU;

— Mpane3IaTHUuM;

— Henmpaue3gaTHHM.

3acTocoByBaTUCA 3a MPU3HAYEHHSM O0'€KT MOXE TUIBKM B CIpaBHOMY a0o
mpare3aTHOMy  CTaHi. BiTHOBIEHHS 10 CHIpaBHOrO abo IMpale3TaTHOrO CTaHy
MPOBOJIUTHCA 32 PAaxyHOK MOTOYHOro pemoHTy. TO, sK mpaBWiIO, MPOBOJAUTHCS
TUIBKM TpU Tpane3faTHoMy cTaHl oO'ekta. SIKII0 7O MOMEHTY IOYaTKy
nposegeHas TO (abo B mpomeci TO) BimOyBaeThcs ITOBHA BiJIMOBA, TO HA ITOYATOK
MPOBOAUTLCA BITHOBJEHHS 00'€kTa, a MOTIM BUKOHYeThcss TO [2]. Amnami3
BUKOPUCTAHHsS TeXHIKM Ta mpoBeneHHs TO mokasye, IO CXEeMaTUYHO BIiH
npeacTaBisiec coOOI0 JIAHIIOT Omepallii «30epiraHHs» — «KOHTPOJb TEXHIYHOTO
CTaHy» — «BIJIHOBJICHHS TIpaIe3aTHOCTI» — «30epiranus» (puc.2).

Jlanmror omeparfii BKa3zye Ha TOCIITOBHICTh BUKOHAHHS OMEpariid mij dbac
BUKOHAHHS BITHOBJICHHS.

Pucynok 2 — Jlanuor onepauii 00c/JIyroByBaHHSI TEXHIKH
Iocepeno: [6]

[lepexig 00’€KTy 3 OAHOTO CTaHy B HACTYIIHI CTaHU MOXJIUBUH JIMILIE MiCTS
3aBEPILCHHS MMONEPEAHBOI Oneparlii Ta MPUUHSTTS BIATOBIAHOTO pilieHHs [6].

Jlns moOyAoBU OINEpaTopHOI MOJENl MpoLecy TEXHIYHOTO 3a0e3NneueHHs
eKCcIUTyaTarlii 00’€KTy BUKOPHUCTAaEMO THMOBI omepartopu [l, 3], KOXHUN 3 SKUX
XapaKTepU3y€eTbCsl  IHTEHCUBHICTIO  All  w,, pecypcoM Q,, KoedilieHTOM

NEPETBOPEHHSI PE3yJIbTATIB omepamii q, Ta {,, a TAKOXK IHTEHCUBHICTIO A,, 3MIHU

BUY CTaHy [6, 8].

Takum 4YMHOM, THUIIOBUH OIEpaTOp ONUCYE TPOAYKTUBHICTH Ta SKICTh
oOCIIyroByBaHHsI TpHM BUKOHAHHI TOKJIAJEHOI oOleparii, a TakoX 3MIHH BHIY
TEXHIYHOTO CTaHy 00’ €KTY TiJ] BIUIMBOM HETaTUBHUX (DAKTOPIB.

Posrasigatoun Ba BUAM TEXHIYHOTO CTaHy (CIPaBHUM — 3 HEMIAPHUM 1HJEKCOM,
HECIIPAaBHUN — 3 TMapHUM IHJIEKCOM) KOMIIOHEHT TIpOIeCcy eKcIutyaTailii Oyje
MPEICTABJICHUI JII€0 BIAMOBIAHOTO onieparopa L oapa3y Ha mapy CTaHiB

E:’ = {'92:'—1-32:'}-

[Ipu npomy
#(Ei—lj = Lx (Ei]v

J€ W — KUIBKICHMH TIOKa3HMK pO3MOJUTY €JeMEHTY OO0 €KTYy eKcIUTyaTallii Ha
MHOXkUHI E (iHIukatopHa (QyHKIis, WMOBIpPHICTH 1 T.1.). BiamoBiiHO 10 cxemu
oreparopa L IHTEHCUBHICTh HOTO NISITIBHOCTI a00 MPOIYKTUBHICTh

&J', == w,‘z!'_l + &.l',,zi-.

IHTEHCUBHICTH
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A =EALE @1, )

3MIHM ~BHJYy TEXHIYHOTO CTaHy XapakKTepu3ye TMpolec BUHUKHEHHS
HECIIPAaBHOCTEN Yy eneMeHTI 00’€KTa eKcIulyarallii, TOOTO OomHuCcye CyKymHI il
dakTopiB @4, @,,... YMOB yTpuMaHHsi. KpiM TOro BHKOHYETbCS oOlepais 3a

BHU3HAUYEHUM aJITOPUTMOM, KU MOXe OyTH MOPYIIEHUH HEKOMIIETEHTHUM I11]1X0/I0M
JIOACBKOTO  (pakTOpy UM TMiJ JI€0 HETaTUBHOTO BIUIUBY HABKOJIMILIHBOTO
CepeZioBHINa, TOIIO, IO 1 MpU3BENE A0 CHOTBOPEHHS OYIKYBAaHOTO KIHIIEBOTO
pe3yJibTary.

q. +q, =1

CtpykTypHa MOJIeTh oOmeparopa TEXHIYHOIO OOCIyroByBaHHS MOXke OyTH
MPEJICTaBIICHA Y PO3TOPHYTOMY BUIIISAL (IuB.puc.3). [4]

1
L% |

e
P =

Pucynok 3 — CTpykTypHa MOJeJIb ONEPATOPA TEXHIYHOTO 00CIyrOBYBAHHS
Iocepeno: [4]

:

s Mozenb BIAMOBIAAE ONEPATOPY TEXHIYHOTO OOCITYTrOBYBaHHS BUTIISILY:
Lo = LgjLpLlkLex

ne L, Lge — oneparopu yrpumanss; Lg — omeparop BinHOBIIeHHS, Ly — omeparop

KOHTpOJIIO [4].
Tak camo Ha psizii 3 UM MOKJIMBO BUKOPUCTAHHS IHIIUX ONEPATOPIB TAaKUX SIK
L, — oneparop jpoonpanroBanHsa 4u Ly — oneparop mozepHizauii Tomo. B takomy

BUMAJIKy CHCTEMa MaclTaOdyeTbCs Ta MaTUME JOJATKOBI CHOCOOM MiATPUMKH
HAJIHHOCTI Ta €)EKTUBHOCTI.

Icaye GaraTo pi3HOBHUIB CHUCTeM 3a0€3IEeUeHHs eKCIUTyaTarlii 00’ €KTiB, sSIKI IO
CTPYKTYpl MOOYJIOBH BIAPI3HAIOTHCA OJWH BiJ OJHOTO CKJIaJOBHUMH, ONEpaTOPaAMH,
SIK1 3aCTOCOBYIOTBCS ISl TOOYAOBU CUCTEMH BIIIIOBIIHOI TOTPEOH.

B sKocTi OYiKyBaHOro TIOKAa3HUKA CHUCTEMM 3a0€3MEyYeHHsl eKCIUTyaTarlii
CKJIAQIHUX TEXHIYHUX CHUCTEM MPUUMEMO KOe(DIilliEHT eKCIUTyaTalliiiHOI TOTOBHOCTI
00’€KTy eKCILTyaTallii, 1o Mo>kKHa BUpa3uTH sk [1, 4]

_|_
Ko (1) = e S
Ho

MaTeMaTUYHUM aHAJIOTOM SIKOTO € WMOBIPHICTh 3HAXO/DKEHHS 00’€KTa
eKCILTyaTarlii B CTaHl IPUIaTHOMY JI0 BUKOPUCTAHHS 32 MPU3HAYCHHSM.
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Taxum 4MHOM, IPUHIUT TOOYIOBHU OMEPATOPHOI MOJIETI CHCTEMHU 3a0e3MeUeHHS
eKCIUTyaTalii OCHOBAaHMM Ha OINHUCI Mpolecy OOCIYroByBaHHS IOCHIIOBHOCTI
TUIIOBUX OINEPATOPIB CKIAJTHUX TEXHIYHUX CUCTEM.

BucHoBkmu.

Ha miacraBi aHamizy CBITOBOrO JOCBIJly BUKOPUCTAHHS PI3HUX MOJeei
KUTTEBOTO LIMKIY Ta CY4YaCHOTO MIAXOAY /A0 OHOBJIEHHS TEXHIKM 3alpPONOHOBAHO
BUKOPHUCTAHHS OMEPATOPHUX MOJIENEH KUTTEBOro LUKIY. Bu3HaueHo OCHOBHI eTanu
’KUTTEBOTO ITUKIY BPaXOBYIOUM OCOOIMBOCTI €KCILTyaTallii TEXHIKM Ta YTPUMaHHS ii
y TEXHIYHO crpaBHOMYy cTaHl. KoHuemniiss moOyJoBH OMNEPATOPHUX MOJENei
KUTTEBOTO LUKIY OO’ €KTIB, IO3BOJISIE B MOAAQJIBIIOMY CHUCTEMAaTH3yBaTU TEXHIUHI,
TEXHOJIOT14HI, €KOHOMIYHI Ta €KOJOT14H1 acreKTH (OPMYBaHHS KUTTEBOTO IHUKITY 3
METOI0 MiHIMi3allii BUTpaT, 110 MOB’S3aH1 3 BTUICHHSIM Ta €KCIUTyaTalllel0 3pa3KiB
HOBO{ TEXHIKH, a TAKOXX BU3HAYUTH MMOETAITHO BIUIUB (aKTOPiB Ha 00’ €KT YUM BYACHO
CKOPOTUTH BUHHUKHEHHSI PU3HKIB BIIMOB TEXHIYHOTO CTaHY.
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TexHiku. 30IpHUK HAyKOBUX Tpars BiiickkoBoi akaaemii (M. Oxecn). — Onmeca : BA,
2022. — Bum.1(17). — ¢. 21-29. DOI: 10.37129/2313-7509.2022.17.21-29

Abstract. This work is a scientific and theoretical article, in which the problem of using
operator models for their qualitative use in the planning of operational activities on equipment is
investigated, a review of the literature on the problem is made. The article considers the transition
to a system of maintenance and repair according to technical condition of complex technical
systems with the use of state operators, which are closely related to each other.

To achieve the goal of the work, a number of tasks have been solved, such as the analysis of
existing life cycle models; a typical concept of the life cycle has been formed; The composition of
the main stages of the life cycle is systematized for the possibility of use in planning, in support
systems and decision-making.

Key words: operator models, complex technical systems, life cycle, maintenance, repair,
planning, decision support system.
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BOUNDARY CONDITIONS OF LAMINATED COMPOSITES VIBRATION
Pysarenko A.M.
c.ph.-m.s., as.prof-
ORCID: 0000-0001-5938-4107

Odessa State Academy of Civil Engineering and Architecture,
Odessa, Didrihsona, 4, 65029

Abstract. Vibration of laminated composite cylindrical shells can lead to undesirable
resonance effects and even failure of mechanical system components. The aim of this study is to
develop a discrete wavelet analysis of free vibrations of cylindrical shells under various boundary
conditions. The study uses the basic concepts of the theory of mechanical shells. The relationship
between mechanical stresses and shears is described by a system of partial differential equations.
The partial differential equations are first transformed into a system of ordinal differential
equations by separating the variables. The discrediting procedure is applied to the governing
equations. Cylindrical shells were modeled from an arbitrary number of orthotropic plates, which
were rigidly fastened together. The boundary conditions of the basic types are formulated using
discrete wavelet analysis, which ultimately allows to describe a standard linear eigenvalue
problem. This study extends the application of discrete wavelet analysis to the description of free
vibrations of cylindrical shells. It modifies the traditional model by taking into account the
influence of boundary conditions, lamination schemes, and elastic moduli on the natural
frequencies of vibrations. The characteristics of free vibration modes of cylindrical shells predicted
by this model can be used for laminated composite samples located on a non-uniform elastic
foundation. In this case, data on the localized increase in the stiffness of the composite material can
be used to calculate the intervals of vibration stability. A numerical model based on the discrete
wavelet transform was applied to the analysis of free vibrations of composite laminated cylindrical
shells under different boundary conditions. Calculations using this model were characterized by
fast convergence and high accuracy. The effects of such essential factors as boundary conditions,
the structure of laminated composites, and their effective stiffness moduli on the natural frequencies
of free vibrations of the shells were analyzed.

Key words: laminated composites, discrete wavelet analysis, cylindrical shells, free
vibrations, modulus of rigidity.

Introduction.

Numerical analysis of the characteristics of beams, plates and shells of
revolution in a static or dynamic state, resting on an elastic foundation, is usually
based on approximate models of the elastic foundation [1]. The reaction of the
foundation is described by differential operators acting on the deflections of elastic
bodies. A large number of studies are devoted to the analysis of the influence of an
elastic foundation on the linear or nonlinear vibrations of circular cylindrical shells
[2]. In particular, natural frequencies of oscillations were obtained for simply
supported cylindrical shells [3, 4]. Numerical values of characteristic coefficients of
natural oscillations vary in a wide range for frequencies corresponding to radial,
longitudinal and torsional modes [5, 6].

The three-dimensional case of free vibrations of thick-walled cylindrical shells
immersed in a two-parameter elastic medium can also be characterized by a limited
number of modes with different boundary conditions and with different combinations

of characteristic coefficients. It should be noted that such properties of the elastic
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foundation as inertia also affect the natural vibrations of three-layer shells. In
particular, the presence of an elastic medium significantly increases the frequencies
of radial vibrations of three-layer shells with a thick filler [7, 8]. The numerical
values of natural frequencies, as well as the form factors of vibrations, nonlinearly
depend on the variable thickness of cylindrical isotropic and orthotropic shells.
Experiments indicate an increase in the influence of an elastic foundation with an
increase in the ratio of the maximum thickness to the minimum.

Local gradients of mechanical stresses on the surfaces of the functionally graded
shell of reinforced composites, split into several layers and immersed in an elastic
foundation of the Winkler type, lead to a decrease in the frequencies of free
oscillations. Analysis of the spectrum of nonlinear coefficients of the elastic
foundation allows localizing the regions of increasing oscillation frequencies on the
surface of cylindrical shells of laminar composites [9].

In the case of uniaxial tension, the effect of discretization of the graded layer
into a number of homogeneous sublayers occurs, each of which is characterized by its
own displacement coefficient. The increase in the rigidity of the elastic medium is the
reason that the influence of geometric nonlinearity, material heterogeneity, the
number of winding layers and the magnitude of the reinforcement angles on the
oscillation frequencies is reduced.

Most of these methods were first applied to isotropic cylindrical shells and then
extended to study the dynamic behavior of anisotropic and layered composite shells.
However, despite the various methods of analytical and computational analysis of
cylindrical shell structures, finding reliable and efficient approaches for the
considered structures with different boundary conditions still remains a big problem.

Therefore, the aim of this paper is to introduce the Haar wavelet approach for
the analysis of free vibrations of composite layered cylindrical shells. The free
oscillation model used the Haar wavelet, which consists of pairs of piecewise
constant functions and one of the simplest orthonormal wavelets with a compact
support. A limited set of orthonormal wavelets generated from the same parent
wavelet form a basis. The elements of the wavelet basis are orthonormal to each other
and normalized to unit length. This property allows each wavelet coefficient to be
calculated independently of other wavelets.

Materials and results

The Haar wavelet family #4;(€) is defined for & € [0, 1]. The matrix H of Haar
characteristic coefficients based on / is defined as H(i, /) = hi(&;). The corresponding
matrix P(i, [) of integral transformations has dimensions of 2M x 2M. Let us
consider a model of a composite layered cylindrical shell. In this model, the length,
average radius and thickness of the shell are designated as L, R and A, respectively.
The main surface of the shell can be considered as the median surface on which the
orthogonal coordinate system (x, & and z) is fixed. The x, 8 and z axes are taken in the
axial, circumferential and radial directions, respectively. The displacements of the
shell in the x, @ and z directions are designated as u, v and w.

The deformation at the mean surface (&) and the change in curvature (7o) during
deformation with transposition operator 7 are functions of the displacement
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The governing equations for vibrations can be expressed as in the following
form of stiffness matrixes 4, B and differential operators L;; = Lij(4, B, x, 0)

2
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t

This model considers boundary conditions of the following types: BCI (clamped
edge), BC2 (simply supported edge) and BC3 (free edge). They are defined as
follows:

aw

BCl:U:O,V:O,W:O,d—:O, (7)

X

BC2:V=0,W=0,N_=0,M_=0, (8)
M, M,

BC3:M_=N_+ R =Ox+ 2 )

The Haar wavelet discretization method was used to discretize the derivatives in
the control equations in terms of displacements and boundary conditions [10]. A
necessary condition for solving the finite field problem is the transformation of the
displacement field into a unit interval. Transformation of a series of wavelets leads to
a discrete system of algebraic equations with respect to one normalized variable &.
The higher-order derivatives of these solutions with respect to the axial coordinate
can be expanded in terms of completed Haar wavelets [11]. Thus the following non-
dimensional variable is introduced
E=x/L. (10)
Using this parameter, one can obtain a discrete system of algebraic equations
with respect to one normalized variable n. The higher-order derivatives of these
solutions with respect to the axial coordinate can be expanded using a series of
complete Haar wavelets. Therefore, it is assumed that the solutions can be expressed

as (n=2M)

d’U(&) _ &

d§2 —Ziaihi(f) (11)
d’v(&) &

2 —lglbih,-(é) (12)
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where ai, bi, and ¢; are the unknown wavelet coefficients and 4; (§) is the Haar
wavelet series.

In this case, the displacement amplitudes can be represented in the following
form

dl;—g(f):éaipl,i(‘f)+dg—§)) (14)
_dI;Ef) = ébipl,i(g)"' _dZéO) (15)
dw(é) _3 2 dW(0) , d*W(0), aw(0)
d§ ;apm( )+ é g é d§2 + d§ ’ (16)
where in the case i > 1 and £@ < & < £® we get
- (e -yl

For solving boundary value problems, the values P,; (0) and P,; (1) should be
calculated in order to satisfy the boundary conditions.
The evaluation of the system of equations at the collocation points can be

written in matrix form as
U—Pa I/—Pb W =P ¢ (18)
o dl” 2 el - f .

In the matrix equation, the appearance of eight integration constants allows
adding eight additional equations. Using boundary conditions, additional equations
can be obtained. The current wavelet transform technique offers an exact solution for
cylindrical shells with various boundary conditions. It should be noted that all types
of classical boundary conditions can be easily implemented for the type of laminar
composites under consideration.

Using boundary conditions, additional equations can be obtained. The current
method offers an exact solution for cylindrical shells with different boundary
conditions. All classical boundary conditions can be easily calculated. The governing
equations and the corresponding boundary condition equations were discretized using
wavelet transforms. From the above procedures, a general relationship was obtained
for the displacement vector X = [U, V, W], displacement matrix K, and local masses
matrix M of laminated composites cylindrical shells

(K -w*M)x =0 (19)

The following values of physical quantities were used in the calculation part of
the model: R=1.2m; L/R=4.5; /R =0.02; E; =12 GPa; E\/E, =k, k €[2.5 - 20]; Gj» =
5.1 GPa (shear modulus); p = 1650 kg/m®. The following ratio was used as the
reference frequency Q = wR(po/E>)">. The base frequency was calculated for both the

three main boundary conditions BCI, BC2 and BC3 and for the intermediate
boundary condition BCI-BC2.
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The calculation results showed that the frequency parameter of the shell with the
boundary condition BC 1 is higher than BC 2 when the circumferential wave number
n is fixed at a constant value n = 1. The reason for this is that the boundary conditions
have a noticeable effect on the shell's natural frequencies. However, it should be
noted that the lowest fundamental frequency parameter occurs for the boundary
condition BC 3 of the cylindrical shell. In other words, the fundamental frequency of
composite cylindrical shells is not necessarily related to the lowest circumferential
wave number.

An additional numerical analysis was performed to investigate the effect of
complex lamination patterns on the frequencies of laminated cylindrical shells. The
frequency parameters were determined for cross-laminated cylindrical shells. These
shells had a small thickness ratio (4#/R = 0.02) and a moderate length (L/R = 4). In
addition, for simplicity, it was assumed that all layers had the same thickness.

Thus, it can be concluded that the developed method accurately predicts the
natural frequencies of laminated cylindrical shells with different lamination schemes.
Analysis of the calculation results allows us to state that the frequency parameters for
the [90°/0°/90°] lamination are greater than for [0/0/0], and the frequency parameters
for the [90°/90°/90°] and [0°/90°/0°] cases are between them.

The frequency parameters are classified not according to their wave number
value, but according to their order in the direction of the larger radius of curvature.
The values of characteristic frequency ) for the vibrations of cylindrical shells of
laminated composites depending on the wave number # are shown in Table 1.

Modern engineering and innovative technologies Issue 36 / Part 3

Table 1 - Frequency parameter € for different boundary conditions

" Boundary conditions
BCI BC2 BC3 BCI-BC2

1 0.2012 0.3052 0.1053 0.2317
2 0.2578 0.3667 0.1537 0.2828
3 0.3001 0.4235 0.2074 0.3235
4 0.3665 0.4578 0.2519 0.3821
5 0.4019 0.5104 0.3039 0.4378
6 0.4631 0.574 0.3541 0.4758
7 0.5197 0.6287 0.4106 0.5331
8 0.5690 0.6729 0.4583 0.5825
9 0.6107 0.7342 0.5195 0.6308
10 0.6655 0.7815 0.5528 0.6766
11 0.7030 0.8382 0.6180 0.7253
12 0.7599 0.8861 0.6504 0.7842
13 0.8046 0.9411 0.7011 0.8306
14 0.8611 0.9775 0.7544 0.8808

The calculation results indicate that the frequency parameters for laminated
composites with a large number of shells are significantly larger than the
corresponding parameters for composites with two or three shells. This property can

ISSN 2567-5273 13 www.moderntechno.de




Modern engineering and innovative technologies Issue 36 / Part 3

be explained by the fact that the orthotropic material is stiffer in the axial direction
than in any other direction. The stiffness in the presence of a large number of shells
can be maximum, and thus the frequency value is also the highest.

Summary and conclusions.

A computational model based on the Haar wavelet discretization method was
applied to the analysis of free vibrations of composite laminated cylindrical shells.
The vibrations of a laminated composite sample occurred under different boundary
conditions. The characteristics of mechanical vibrations were calculated based on the
classical shell theory. The discretization method of the control equations and the
corresponding boundary conditions was implemented using discrete wavelet
transforms. It was found that boundary conditions, length-to-radius ratios, lamination
schemes, and elastic moduli ratios affect the natural frequency parameters of
cylindrical shells made of laminated composites. The discrete wavelet analysis
technique can also be used to describe vibrations of thick composite laminated and
functionally graded shells.

References:

1. Yelce T.U., Balci E., Bezgin N.O. (2023). A discussion on the beam on
elastic foundation theory. Challenge, issue 9, vol. 1, pp. 34-47
DOI: 10.20528/cjsmec.2023.01.004

2. Sheng G.G. et al. (2014). The nonlinear vibrations of functionally graded
cylindrical shells surrounded by an elastic foundation. Nonlinear Dynamics, issue 78,
pp. 1421-1434
DOI: 10.1007/s.11071-014-1525-8

3. Rougui M., Moussaoui F., Benamar R. (2007). Geometrically non-linear free
and forced vibrations of simply supported circular cylindrical shells: A semi-
analytical approach. International Journal of Non-Linear Mechanics, issue 42, vol. 9,
pp. 1102-1115
DOI: 10.1016/j.1jnonlinmec.2007.06.004

4. Mohamadi A., Shahgholi M., Ghasemi F.A. (2020). Nonlinear vibration of
axially moving simply-supported circular cylindrical shell. Thin-Walled Structures,
issue 156, p. 107026
DOI: 10.1016/j.tws.2020.107026

5. Pellicano F., Amabili M. (2003). Stability and vibration of empty and fluid-
filled circular cylindrical shells under static and periodic axial loads. International
Journal of Solids and Structures, issue 40, vol. 13-14, pp. 3229-3251
DOI: 10.1016/S0020-7683(03)00120-3

6. Wei H.X. et al. (2017). Fracture analysis on a cylindrical composite
containing a sliding interface: an interesting phenomenon of oscillatory interfacial
normal stress and its applications. Journal of Mechanics, issue 33, vol. 5, pp. 593-605
DOI: 10.1017/jmech.2016.118

7. Kumar P., Srinivasa C.V. (2020). On buckling and free vibration studies of
sandwich plates and cylindrical shells: A review. Journal of thermoplastic composite
materials, issue 33, vol. 5, pp. 673-724
DOI: 10.1177/0892705718809810

ISSN 2567-5273 14 www.moderntechno.de



Modern engineering and innovative technologies Issue 36 / Part 3 (N§

8. Gorgeni A., Vescovini R., Dozio L. (2022). Sublaminate variable kinematics
shell models for functionally graded sandwich panels: Bending and free vibration
response. Mechanics of Advanced Materials and Structures, issue 29, vol. 1, pp. 15-
32
DOI: 10.1080/15376494.2020.1749738

9. Baharali A.A., Yazdi A.A. (2021). Analytical approach to study the vibration
of delaminated multi-scale composite cylindrical shells. Polymer Composites, issue
42, vol. 1, pp. 153-172
DOI: 10.1002/pc.25815

10. Xie X. et al. (2014). Free vibration analysis of composite laminated
cylindrical shells using the Haar wavelet method. Composite Structures, issue 109,
pp. 169-177.

DOI: 10.1016/j.compstruct.2013.10.058

11. Majak J. et al. (2020). Higher order Haar wavelet method for solving

differential equations. Wavelet theory. — IntechOpen, p. 349

Article sent: 07.12.2024
© Pysarenko A.M.

ISSN 2567-5273 15 www.moderntechno.de



Modern engineering and innovative technologies Issue 36 / Part 3 (G

http://www.moderntechno.de/index.php/meit/article/view/meit36-00-009
DOI: 10.30890/2567-5273.2024-36-00-009

UDC 72.01
THE PRACTICE OF DESIGNING LANDSCAPE URBAN ENVIRONMENTS
IN MOROCCO

Al Echcheikh El Alaoui Douaa.
PhD student
ORCID: 0000-0001-8113-3822
Odessa State Academy of Civil Engineering and Architecture,

Odessa, 65029

Abstract. Moroccan urban design is a rich tapestry, blending traditional architectural wisdom
with modern innovations. At the heart of this architectural tradition is the riad, a traditional
Moroccan dwelling characterized by its inward-focused courtyard design. Riads function not only
as practical homes but also as reflections of Moroccan culture, values, and environmental
adaptation strategies. This article explores the historical and contemporary significance of riads,
emphasizing their unique ability to harmonize cultural heritage with sustainability. The study
examines key elements such as the use of courtyards for climate regulation, the aesthetic and
structural importance of materials like tadelakt and zellige, and the strategic incorporation of
greenery and water features for cooling. Furthermore, the evolution of riads into modern urban
spaces is analyzed, showcasing how these traditional designs adapt to contemporary demands for
leisure, hospitality, and multicultural interactions. Through detailed analysis and visual
illustrations, the article investigates how Moroccan urban design principles—rooted in Islamic
traditions and local craftsmanship—offer solutions to the pressing challenges posed by hot
climates. It also considers the global applicability of these principles, emphasizing the importance
of sustainable urban development that balances functionality, aesthetics, and cultural identity. This
research aims to highlight the timeless relevance of Moroccan architectural practices within the
broader discourse of sustainable urban landscapes and climate-responsive design.

Keywords. Landscape Urban Design, Climate-Responsive Architecture, Sustainable Urban
Planning, Urban Landscape in Hot Climates, Moroccan Urban Design, Traditional and Modern
Architecture, Cultural Heritage in Urban Planning, Public Spaces and Architecture

Introduction.

Formulation of the Problem. This article identifies the key challenges and
objectives in addressing these issues:

e Preserving cultural and architectural heritage in the face of modernization
and globalization.

e Adapting traditional riad designs to contemporary urban needs while
maintaining their functionality and aesthetic appeal.

e Mitigating the effects of extreme heat and arid climates through sustainable
architectural practices.

e Balancing the demands of tourism-driven modernization with the
authenticity of Moroccan urban identity.

o Integrating innovative solutions into traditional designs to ensure
environmental and cultural sustainability.

Materials and Research Methods.This research employs a multidisciplinary
approach to examine the evolution and role of Moroccan riads in urban landscape
design. The study integrates architectural analysis, cultural history, and sustainability
practices to provide a comprehensive understanding of riads’ significance. Seminal
works, such as Abu-Lughod's analysis of spatial and socio-political divisions in Rabat
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[1] and Ruggles' exploration of Islamic gardens as multifunctional ecological spaces
[8], form the theoretical foundation of this study. These sources offer insights into
how riads serve as both functional and symbolic elements of Moroccan architecture.

Field observations of iconic sites, such as the Andalusian Gardens in Rabat,
highlight how these spaces reflect the interplay of Mediterranean and Islamic design
principles [2]. Similarly, the terraced gardens of the Atlas Mountains illustrate the
adaptation of architecture to challenging topography, showcasing a deep
understanding of environmental integration [3]. Visual materials, including
architectural diagrams and photographs, complement these observations, providing
detailed insights into spatial organization, materiality, and the climatic strategies
embedded within riad designs. The comparative analysis of traditional and modern
riads also sheds light on how these structures evolve to meet contemporary urban
needs while preserving their cultural and environmental essence [6][9].

Analysis of Recent Research Sources and Publications. Recent studies
emphasize the enduring architectural and cultural significance of riads in Moroccan
urban design. Abu-Lughod (1980) examines the spatial organization of Rabat,
illustrating how urban planning reflects socio-political structures and cultural identity
within the city [1]. Her work provides foundational insights into how traditional
spaces like riads navigate the complexities of modern urbanization. Similarly, Amal
Ouf (2001) explores the integration of authenticity in urban design, highlighting the
balance between preserving heritage and embracing modernity in Moroccan
architecture [7].

Ruggles (2008) delves into the ecological and aesthetic roles of Islamic gardens,
drawing parallels to the courtyard-centered design of riads, which function as both
cultural and climatic havens [8]. The Andalusian Gardens in Rabat, for example,
demonstrate the harmony between functionality and beauty, serving as a key case
study for Mediterranean and Islamic design principles [2]. Similarly, terraced gardens
in the Atlas Mountains illustrate the adaptability of traditional Moroccan design to
diverse geographical and climatic challenges [3].

Research on historical preservation and medinas highlights the intricate
relationship between Moroccan architecture and cultural identity [4]. These studies
underscore the significance of riads as private sanctuaries that embody Islamic values
of privacy, hospitality, and community. Zemni and Bogaert (2009) extend this
discourse, examining the influence of globalization on Moroccan urban identity and
the transformation of traditional spaces to meet the demands of modern tourism [9].

Despite the depth of existing research, gaps remain in understanding how riads'
traditional designs can be adapted to address contemporary challenges, such as
climate adaptation, urban densification, and tourism pressures. By bridging these
gaps, this article highlights the relevance of Moroccan riads as models of sustainable
urban development that harmonize tradition and innovation [5].

Main Text.

The riad is a cornerstone of Moroccan architecture, harmonizing practicality,
aesthetics, and cultural values. At its heart is the courtyard, a sanctuary integrating
greenery and water features to create a cooling microclimate. Carefully arranged
plants, such as orange trees and fragrant jasmine, enhance the sensory experience
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while providing shade and improving air quality. Water features like fountains and
pools regulate temperatures through evaporative cooling, adding a tranquil ambiance
[2][3118].

The exterior of riads emphasizes privacy, modesty, and functionality. Their
plain, windowless facades shield residents from noise and heat, ensure privacy, and
maintain social balance by blending affluent and modest homes harmoniously within
the urban fabric. In contrast, the interiors feature intricate tilework, carved plaster,
and woodwork, reflecting hospitality and Moroccan craftsmanship [4][7].

Materials like tadelakt plaster and zellige tiles enhance both aesthetics and
functionality, offering durability and thermal efficiency. These locally sourced
materials highlight the sustainability inherent in traditional Moroccan design [5].

The inward-focused layout fosters family unity, introspection, and integration
with nature. By minimizing outward displays of wealth, riads promote social
cohesion, blending diverse households into a unified urban landscape. This design
offers timeless insights into sustainable living practices that remain relevant today
[4][8].

Beyond their functional and cultural roles, riads are a testament to Moroccan
ingenuity in managing extreme climates while maintaining beauty and comfort. Their
design principles are not merely reactive but proactive, anticipating environmental
challenges and creating spaces that offer refuge and resilience. By combining
craftsmanship with environmental adaptation, riads stand as enduring symbols of how
traditional architecture can inform and inspire contemporary approaches to
sustainable urban design.

In contemporary Morocco, riads have adapted to modern lifestyles while
preserving their cultural essence. Courtyards, central to riad design, have evolved into
multifunctional spaces featuring swimming pools, rooftop lounges, and expanded
social areas. These additions cater to tourism and urbanization demands, offering
luxurious amenities while maintaining the intimate and serene atmosphere
characteristic of traditional riads. Rooftop spaces, in particular, have become hubs for
relaxation and entertainment, often adorned with shaded seating, gardens, and
panoramic city views [6].

Interior layouts now reflect a shift toward multifunctionality, reimagining
traditional family spaces for events, dining, and leisure. Some riads blend Moroccan
aesthetics with contemporary minimalism, balancing rich traditional patterns with
clean, modern designs [9].

Technological advancements enhance both comfort and sustainability in modern
riads. Cooling systems, such as ducted air conditioning and evaporative technologies,
work alongside traditional passive cooling methods like shaded courtyards and high
walls. Advanced water management, including greywater recycling and efficient
irrigation, sustains lush courtyards while conserving resources [5]. Solar panels and
energy-efficient lighting align with global sustainability goals, minimizing
environmental impact while maintaining traditional charm. Modern construction
techniques also enhance durability and insulation without compromising visual
integrity [5][6].

These innovations highlight the flexibility of Moroccan architecture, blending

ISSN 2567-5273 18 www.moderntechno.de



Modern engineering and innovative technologies

Issue 36 / Part 3 ﬁ

tradition with modernity. Modern riads retain their historical identity while
addressing contemporary demands, ensuring their relevance as cultural landmarks

and functional living spaces in a rapidly evolving world [9].

Shade and Shelter: The Ingenious
Sun Protection in Riad Courtyards

Sun shades in the courtyard of a riad are a practical
and aesthetic feature. They provide necessary shade
from the intense Moroccan sun, making the
courtyard a comfortable place to relax at any time of
the day. These shades can be natural, provided by the
trees and the architecture itself, or they can be added
elements like fabric awnings or canopies. They play a
crucial role in creating the cool microclimate that is
characteristic of a riad's courtyard,

The Courtyard Canvas: Arches
and Artistry in Riads

The aesthetics of a riad's courtyard are
often highlighted by elegant arches and
detailed tile work. These arches are not
just architectural elements; they

Nature's Embrace: The Role of

Greenery and Water in Riads ~~"""""""""1

The central courtyard in a riad is
a haven of greenery and water
elements. Typically, there are
trees like orange or lemon, and
fragrant plants such as jasmine
and roses, providing a sensorial
experience through their sights
and scents. Water features, like
fountains or small pools, are
common, adding a soothing
ambiance and aiding in the
cooling of the courtyard.

The Unassuming Exterior:
Exploring Riad's Boxy Facade

From the outside, riads present a
stark contrast to their interior
richness. They typically feature a
boxy, windowless facade, which
serves several purposes. This
design offers privacy, an essential
aspect of Islamic and Moroccan
culture. Additionally, it provides
protection from the heat and the
bustling city life, creating a serene
and secluded environment within,

embody the fusion of Islamic and
Moroccan design principles, creating
spaces that are both visually stunning
and structurally sound. The intricate
tile work and carvings often depict
geometric patterns, symbolizing the
Islamic art form that eschews the
depiction of living figures.

Structure and Substance: The
Architecture of Riads

Riads usually have two or more
floors. The construction of these
buildings often incorporates
traditional Moroccan materials
such as tadelakt (a waterproof
plaster), zellige (a form of
terracotta tile work), and intricate
wood and plaster carvings. These
materials are not only locally
sourced and sustainable but also
contribute to the riad's aesthetic
appeal and thermal efficiency.

Understanding the Riad:
“"""Morocco's Traditional Urban
Home

A riad is a traditional Moroccan
house or palace characterized by an
interior garden or courtyard. The
term originates from the Arabic
word "ryad,” meaning garden.
These dwellings are designed to
provide a private and tranquil oasis
within the bustling urban
environments of cities like
Marrakech and Fes. Riads are a
quintessential element of Moroccan
architecture, embodying the cultural
and aesthetic values of the region.

Figure. 1. Hidden Havens, Oasis of Tranquility: Exploring the Architectural and

Cultural Wonders of Morocco's Riads
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In traditional Moroccan riads, the design revolves around a central fountain and a modest rooftop, fostering an intimate atmosphere for reflection and
family gatherings. This contrasts with modern riads, which often feature swimming pools in the courtyard and elaborate rooftop areas with multiple
social corners, While the traditional design emphasizes spiritual serenity and cultural authenticity, the modern adaptation caters to a blend of luxury and
diverse social interactions, reflecting an evolving lifestyle that merges Moroccan heritage with contemporary demands for leisure and hospitality.

Modern Courtyard Adaptations: Evolving

Traditional Courtyard Design: Social and
Social Dynamics

Cultural Heart
The traditional Moroccan riad courtyard is a cornerstone of architectural
and cultural heritage. Central to family and community life, it combines multicultural social hub. While retaining its traditional charm, these

ornate design with practicality, serving as a private social space for Spaces now often feature contemporary amenities and serve as meeting
points for both locals and international visitors. This fusion of

In modern adaptations, the riad courtyard has evolved into a

relaxation and gatherings. Symbolizing Islamic values of hospitality and

tranquility, these courtyards, with their intricate tiles and central fountains, ~traditional and modern elements has transformed the courtyard into a
dynamic space that bridges cultures and celebrates a blend of heritage

and contemporary lifestyle.

are pivotal in fostering a sense of communal belonging.

Courtyards of Change: Bridging Tradition and Modernity in Moroccan Riads, Rendered images of a riad model.

Nature's Air Conditioning: The Climatic Design of Central Riad Courtyards

In the design of Moroccan riads, the central courtyard plays a crucial role in climatic considerations. This open-air heart of the riad is ingeniously
crafted to mitigate the harsh climate, particularly in the hot and arid regions of Morocco. The courtyard, often surrounded by high walls, provides
shade and creates a microclimate that significantly reduces the ambient temperature. The presence of water features, such as fountains or small pools,
adds to this cooling effect through evaporation, offering a refreshing respite from the heat. Additionally, the strategic placement of plants and trees
not only contributes to the aesthetic appeal but also aids in cooling and purifying the air. The architectural layout, with its inward focus, ensures that
the living spaces surrounding the courtyard are shielded from direct sunlight, maintaining cooler interior environments, This traditional design
exemplifies a sophisticated understanding of environmental adaptation, utilizing natural elements to create comfortable living spaces in a challenging
climate.

Sunlight

Escaping hot air

Fresh breeze

Cold air flow

Hot air flow

Figure.2. Bridging Eras in Moroccan Riads: Climate-Adaptive Designs from
Traditional Courtyards to Modern Social Hubs.

Tourism-Oriented and Sustainable Urban Design.Moroccan cities, particularly
Marrakech and Fes, demonstrate how cultural heritage can coexist with sustainable
urban development. Riads, many of which are now repurposed as boutique hotels and
guesthouses, allow visitors to experience Moroccan architecture firsthand. The
preservation of original features, such as intricate woodwork, decorative tiles, and
courtyards, ensures these spaces remain authentic representations of Moroccan
culture [4][6].
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Sustainability is central to both traditional and modern riads. Drought-resistant
vegetation reduces water usage while preserving lush greenery, and passive cooling
techniques, such as shaded courtyards and evaporative cooling, enhance comfort with
minimal energy use. These practices align Moroccan urban design with global
sustainability goals [3][8].

Lessons for Global Urban Design

Moroccan urban design provides valuable solutions for hot climates and rapid
urbanization. Courtyards act as microclimatic regulators, reducing energy
dependency while improving environmental quality and well-being. Locally sourced
materials like Tadelakt and Zellige combine thermal efficiency with aesthetic appeal,
exemplifying sustainable practices. The riad's ability to blend tradition and modernity
serves as a model for preserving cultural heritage in a globalizing world [5][7][8][9].

Conclusion. Moroccan riads exemplify the seamless blend of tradition,
functionality, and sustainability, offering invaluable lessons for urban design in hot
climates. Their inward-focused courtyards and use of natural elements demonstrate
how architecture can harmonize with nature to create comfortable and sustainable
living spaces. Modern adaptations show their flexibility, integrating contemporary
amenities while preserving cultural identity and authenticity.

Beyond Morocco, the principles of riad design—passive cooling, natural
integration, and locally sourced materials—serve as a blueprint for addressing global
climate challenges and preserving cultural heritage. Riads stand as timeless symbols
of how tradition and innovation can coexist, guiding urban design toward a more
sustainable future.
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Anomauin. Oouicro i3 8aANCIUBUX MPAHCNOPMHUX €EKOJNOSIYHUX NpobiemM € NUMAaHHA
SHUICEHHS WYMY HA MEPUmopisX HACeNeHUX NYHKMI8 ma 6 MICYAX NOCMIUH020 nepeby8aHHs.
mooell. Haomipui pieni wymy 3a c60iM HecamuSHUM GNAUBOM CMOSAMb NOPYY i3 3a0pPYOHEHHAM
ammocgepu ma 800u.

s eusHaueHHs aKyCMUYHUX XAPAKMEPUCTMUK WYMO3AXUCHUX eKpaHie Oyiu npogedeHi
eKCnepuMeHmanvHi 00CHIONHCEHHs 8 1aO0pamopHux ymosax. bynu 6iomeoperi ymosu HabaudxceHi 00
i0eanvHux ma ymosu (YOH08020 WYMY, NOCOOHUX YMOS, W0 GIONOGIOANU YMOBAM HA OLISAHYL pYXy
MPAHCHOPMHUX 3ACO0I8.

Memoio excnepumenmy 06y10 O00CNIONCEHHS edeKMUBHOCI WYMO3AXUCHUX eKPAHi8 npu
BUKOPUCMAHHI IX 0151 BMEHUWEHHS PIBHI8 WYMY HOMOKI8 MPAHCNOpMY.

Knrouosi cnosa: wymoszaxucuuii ekpau, mpaHcnopmui 3acobu, ceiumeOHa mepumopis,
yacmoma 38yKy, Kym HaAxXuiy eKpaud, 8i0cmaHb

Berym.

Opnni€ro 13 BaXIMBUX TPAHCIOPTHUX EKOJIOTIYHUX MPOOJIEeM € MHUTaHHS
3HWKEHHS LIyMy Ha TEPUTOPIAX HACEIEHMX IIyHKTIB Ta B MICISX IOCTIIHOIO
nepeOyBanHs monei. HaamipHi piBHI IIyMy 3a CBOIM HETaTUBHUM BIUIMBOM CTOSIThH
nopyd 13 3a0pyIHeHHsSIM aTMoc(epu Ta BOAHU.

TpancnopTHI MaricTpail € OJHUMH 3 HAMOUTbIIUX JKepen HaAMIPHOTO IIyMy,
OCOOJIMBO HA CEIUTEIHLHUX TEPUTOPISAX, po3TalioBaHUX Y370k HuX. Lllopiune
3pOCTaHHSl IHTEHCUBHOCTI TPAHCHOPTHUX 3aCO01B MPUBOAMUTH 10 30UIBIIECHHS PiBHIB
3BYKY. UHCJICeHHI BUMIPIOBaHHS PiBHIB IIIyMY, CTBOPIOBAaHUX TPAHCIOPTHUM MOTOKOM
csararoTh 3HaueHb 90-95 nbA, mo Ha 30-35 gbA Oinbiie 1OMyCTUMUX 3HAYCHB IS
CEJINTENIbHOI TEPUTOPii BCTAHOBJIEHMMHU HOPMAaTUBHUMM JOKymeHTamu [1, 2] B
neHHud yac nob6u. lle B cBOw uepry mnpu3BOAUTH A0 MpoOIEeM 31 310pOB’SIM
MPOKMBAKOYOr0 Ha TAKUX TEPUTOPISX HACENIEHHs. AHAII3 HOCIKEeHb [3—5] mokasas,
10 MOCTIMHE 3HAXOJKEHHS JIIoJIe B 30HAX 3 HAJAMIPHUM IIYMOM MPHU3BOAUTH 10
IIBUJIKOT BTOMJIFOBAHOCTI, COHJIMBOCTI, 30UIbIIEHHS BIPOTITHOCTI BHHUKHEHHS
CEepLEBO-CYMHHUX 3aXBOPIOBaHb, MOPYIIEHHS CUCTEMH OOMIHY PEUOBHH.

OmuuM 13 [UISAXIB  BUPIMICHHS 111€1 TpOOJeMaTHKKA € 3acCTOCYyBaHHS Ha
aBTOMAriCTpajsixX IIYMO3aXUCHUX E€KPaHiB, sIKI BK€ HAOYJM IMIMPOKE 3aCTOCYBaHHS B
KpaiHax €Bponu, Amepuku, A3ii Ta BCe YacTillle NMOYMHAIOTh 3aCTOCOBYBATHUCS B
VYkpaiHi. 32 KOHCTPYKIII€IO iX BUKOHYIOTh Yy BHUIJISA1 MOPIBHSHO CYUIIBHUX TOHKUX
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CTIHOK, SIKi BCTAHOBITIOIOTHCSI B3JIOBK aBTOILISXIB, Ta K1 3MEHIIYIOTh PiBHI IIIyMy Ha
KUTJIOBINA TEPUTOPIi.

JlochipkeHHsT KOHCTPYKTHBHHX —IapaMeTpiB €KpaHy, WOro BIUIMBY Ha
MOIIMPEHHS JDKEpella 3BYKY Ta 30HH, $KI 3aXUIIAIOTHCS BiJ BIUIMBY IIyMY
posnouanocs 3 50-x pokiB 20-ro cromitta. /o HemaBHBOro 4acy B YKpaiHi, HE
3Ba)KAIOYM Ha JIIOYMI HOPMATHBHUN NOKyMeHT [1, 2], mo mpsMo BKa3yBaB Ha
HEOOX1HICTh 3aCTOCYBaHHS ITyMO3aXHUCHHUX €KpaHIB, X CHOPYKEHHS Bi0yBajOCh
y Iyke Mallii Ta HeJAOoCTaTHiN KiibkocTi. ToMy sIKiCHE OIiHIOBaHHS €(EeKTUBHOCTI
€KpaHiB IIYMO3aXHUCTy B 3aJICKHOCTI BiJI KOHCTPYKTHBHUX HOT0 TTapaMeTpiB, a TAKOXK
30UTbLIEHHSI WOT0 €(EKTUBHOCTI B LIJIOMY, Ha LIEH J€Hb € BKpail aKTyaJIbHOIO Ta
BaXJIUBOIO.

OcCHOBHUII TEKCT.

JUis BU3HAUYEHHS aKyCTUYHHX XapaKTEPUCTHK LIYMO3aXHCHHUX EKpaHiB Oynu
MPOBEJICHI EeKCIEPUMEHTANIbHI JIOCIIDKCHHS B Ja0OpaTOpHUX YMOBax, OyJu
BIJITBOPEHI YMOBHU HAOJMKEH1 J0 1€JIbHUX Ta YMOBH ()OHOBOTO LIYyMY, IOT'OJHUX
YMOB, 110 BIJIMOBIIaJId YMOBaM Ha JUISHII PYXY.

MeTor eKCIepuMeHTy OyJio JOCHIKeHHS €(QEeKTUBHOCTI ITYMO3aXHUCHUX
€KpaHiB NMPY BUKOPUCTAHHI iX /I 3MEHIIICHHSI PIBHIB IITyMYy TTOTOKIB TPAHCIIOPTY.

3MIHHUMHK MapaMeTpaMu eKpaHiB Oyia iX BHCOTa Ta TE€OMETpPUYHE
po3TalryBaHHS TOYOK BUMIpIOBaHHS. EKCIEpUMEHT MpPOBOAMBCS B YMOBaX BUIBHOTO
3BYKOBOTO MOJIsl B 3BYKO3arIylIeHil Kamepi.

Mogemio NoTOKy TpaHCIIOPTY OyJia JiHilHA rpyna 24 po3TailoBaHUX MOMaApPHO
ryqaoMoBIiB (g xkyrom 30°) Ha Biacrani 30 cM omuH Big omHoro. JloBkwmHa
TPAHCIIOPTHOTO MOTOKY ckiafgana 3,5 M. AKyCTUYHHHA IIEHTp JKepeia 3BYKy OyB
po3mimeHuid Big moBepxHi Ha BifcTtani 10 cMm. lle mozpemtoBano mpoi3Hy 4yacTHUHY,
3po6eny 3 rincokaproHHux JuctiB (I'KJI) TopmmnoM0 12,5 MM. [0 mrymMo3axucHOTO
eKpaHa BiJicTaHb craHoBuja 1,0 M (pucyHok 1).

Lt t .
Pucynok 1 — Moaeib cTeHaa AJsl eKCIIEPUMEHTY
JIist yCyHEHHsI TOLIMPEHHS 3BYKY 4Yepe3 JHCTH, Ha HUX OYyJIu po3MilIeHi
3BYKOMOMIMHAIBHI mapu ToBimHOO 600 MM 13 6a3anbroBux MmatiB. [ToBepx ['KJI
Oynu ykJaaeHi TOHKI 0a3albTOBI MaTH TOBIMHOKO 10 10 MM Uil YCYHEHHS
n3epkanbHoro BinouTTs Bix aucTiB ['KJI 3Byky.
Monenmto camux expaniB Tex ctanu ['KJI, BcTaHOBIEHI MEPNEHIUKYISIPHO 0
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YMOBHOI'O ITOJIOTHA IPOI3HOI 4acTHHU. JlOBXKMHM CTBOPEHOI 3 €KpaHa Ta IOJIOTHA
MPOI3HOI YaCTUHM CTaHOBWJIM 10 3,75 M. Takum unHOM Mojenb Oyia po3poliieHa B
Macmtadi 1:10. Bucora mozeni mymosaxucHoro ekpana: 0,3; 0,5; 0,7 m ta 0e3
eKpaHa.

BumMiproBaHHs TPOBOJMIIMCS HA TAKWUX YacTOTaX — TPETUHHOOKTABHUU PsifI
gacToT 3rigHo [6] 3 250 I'r ;o 6300 I'.

Touku BuMiproBaHHS OyJid pO3TalOBaHI 3a NIYMO3aXMCHUM €KPAaHOM Ha
BificTaHsx 1o ropusontaii (13 touok) Big 0,1 mo 3,5 M Bixg ekpaHa Ta MO BEpTUKAITI
(5 Touok) Bix 0,15 mo 1,0 M Bix piBHS TOPOKHBOTO MOJIOTHA. B mioMy m1st KOKHOT
BHCOTH MAaKeTy €KpaHa Ta CMYT'M 4acTOT MPOBOJAUIOCS BUMIPIOBaHHS B 65 TOUKax.

I'l 12
I3 4 B
I's e ‘» 132
12
1 133
123 124 :
LY

Pucynok 2 — Tpakt BUNIpOMiHIOBAHHSI 3BYKOBOI'0 CUTHAJLY

TpakT BUNpOMiIHIOBaHHSI CUTHATY (PUCYHOK 2) CKJIalaBCsl 3 HEKOTEPEHTHUX
uudposux mxepen mymy (A31 — [A312); nmigcuntoBaya MoTyKHOCTI 12-KaHAIBHOTO
(12I1IT); 3BykoBux BunpomintoBadiB (ryanomosiii ['JIII-1, I'T — 1'24).

Tpakt npuitomy (pucyHok 3) cknamaBcsa 3 ABox Mikpodonie MK-1 ta MK-2;
MIKPO(OHHOTO JABOKaHaiabHOTO TifcuiaoBada (MII); nBokaHanbHOI 30BHINIHBOI
3ByK0BO1 KapTH (3K).

MII 3K I

o — "
W

Pucynok 3 — Tpakr npuiioMy 3ByKOBOI0 CUTHAJIY

[Ipouienypa BUMIipIOBaHb MPOBOAWIACS HACTYMHHM YWHOM. Ha Ty4HOMOBII
BMHKABCS OUINMI HEKOTEPEHTHUM IIyM 3 YacTOTOIO B Jiama3oHi BUMIpioBaHHS 3 1ab.
OnuH 13 MiKpo(dOHIB 3HAXOJMUBCSA HA BHCOTI 2 M BiJ] MOBEPXHI MPOi3HOI YaCTHHH
nocepeArHi B IUIOMMHI  ekpaHa. LluM  MIKpOOHOM  KOHTPOJIOBABCS
BUMPOMIHIOBAaHUM JIPKEPEJIOM PiBeHb 3BYKY. Jpyruit MikpodoH po3TamioByBaBcs
MOCJIIJIOBHO B BUMIPIOBAJIbHUX Toukax. Yac 3amucy curHany cknaznas 30 c. Ilorim
CUTHAJIA PO3AUSIIACS HA 15 pIBHUX YaCTHH MO 2 C KOKEH.
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BumipioBaHHsT aKyCTHYHOTO TOJsl 3a €KpaHOM TMpoBowiocs B 15-tu
TPETUHHOOKTaBHUX CMYyrax 4acToT. Mexka pe3ysbTaTiB MOBTOPIOBAHOCTI JJIsi 4YaCTOT
no 800 I'm cranoBwia 1,5 nb. [l 1OCTOBIPHOCTI pe3yJbTaTiB, BHUMIPIOBAHHS
npoBouiocs B yactotax 315 ', 1250 I'p ra 5000 ', 1110 B HATYpHUX yMOBaX piBHE
31,511, 125 I'm ta 500 I'1t BiimoBiHO.

OO6macth myM03axucTy (3a eKkpaHoM) 0€3 3aCTOCYBaHHS €KpaHy 3 BiAMOBITHUMH
PIBHSIMU 3BYKY B1JJ0Opa)K€HO Ha PUCYHKY 4.

EI16G:
1
09
na
o7

E 08

f=1250G2

=E000G:2

a 08 1 15 2 25 3 35
B) Lm

Pucynok 4 — AkycTuuse nmoJsie 6e3 eKpaHy B 30Hi IIYMO3aXHCTY JJIs1 YACTOT:
a—315Tm; 6—1250 I'u; B — 5000 I'nx

EdextuBnocTi nis expaniB Bucororo ekpana 0,3; 0,5 ta 0,7 M HaBeneHo Ha
pUcCyHKax 5-7.

[TopiBHIOIOUM BigOOpakeH1 Ha pUCyHKax S5-7 e(pEeKTUBHOCTI BCTAHOBJICHO, IIIO
e(heKTUBHICTb €KpaHy 3pOCTaE 31 30UIBIICHHSM HOTO BUCOTH.

[TpoBeaemo aHami3 OTpUMaHUX 3BYKOBUX IOJIB Ta MOPIBHIEMO €()EKTUBHOCTI
aKyCTUYHO TOTJMHAJIBHUX Ta >KOPCTKUX IIYMO3aXHUCHUX €KpaHiB (PUCYHOK ).
[lopiBHSHHS JaHUX PUCYHKIB Ja€ MOJIMBICT 3PO3YMITH, 3aCTOCYBAHHS
MOTJIMHAJIFHOTO €KpaHa MPaKTUYHO HE BIUIMBAE HA TOJIE MK JDKEPEIOM IIyMy Ta
€KpaHOM, OCKUIbKH BIJIOMTA BIJl €KpaHy 3ByKOBa XBUJISl HE CIIOCTEPITaeThCs.
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31562
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=12506z
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=5000Gz
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Pucynok 5 — EdexTuBHicTh ekpany Bucotor 0,3 m qiisa yacror: a—315I'; 6 —
1250 I'u; B — 5000 I'nx

BuznaunmMo epekTHBHICTh €KpaHiB 3aJIEKHO BiJ 9aCTOTH 3BYKY, BUCOTH, KyTa
HaxXWIy eKpaHa, BIJICTaH1 JI0 JKEpeIia 3BYKY.

Ha pucynky 9 BigoOpaxeHO e(eKTMBHOCTI ekpaHiB Ha uactoTi 125 T'm.
AkycTuuHe mojie mpu Kyrax g0 90° mepen €KpaHOM 3allMINAETHCS MPAKTHYHO
HE3MIHHUM, IIPU IbOMY €(EeKTUBHICTh KOJUBa€eThcs 0n3bko 0 nb.

[Ipn wHesnaynmx kytax TiHI Bigx 90° mo 150° edexTUBHICTP aKyCTHYHO
3BYKOIIOTJIMHAJIBHOTO Ta OPCTKOTO €KpaHiB Ha BeIMKUX BiAcTaHaAx (R=25 wm)
NPaKTUYHO CHIBMAJAI0Th. Pi3HMIIS B €EKTUBHOCTI MpU 30UIBIICHH] KyTa TIHI JIBOX
€KpaHiB MOCTYIOBO 30uibiryeThest 10 4 nb. Ilpu 1mipomy 301UIbIIEHHS 32 PaxyHOK
3BYKOMNOTJIMHAHHS €()EeKTUBHICTh OUIBII MOMITHA JIJIsl BUCOKHUX €KpaHiB (5 Ta 7 M) 4
b, Hix 11t HU3BKHUX — 2,5 1b.
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f=3166z

a) L,m
F=1250Gz
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Pucynok 6 — E¢exTuBHicTh ekpany Bucotoro 0,5 m qiisa yacror: a—315I'n; 6 —
1250 I'u; B — 5000 I'nx

AHami3zyroud  po3paxyHku  (pucyHok 10) OGaummo, 110  HasSBHICTH
3BYKOTIOTJIMHAIBHOTO €KpaHa BIUIMBAE HA TIOJIE Mepe]] HUM He OinbIne, HiK 2 nb mis
OyIp-sKOi BiicTaHi Big 5 M 10 20 M BiJI JpKepenia 3ByKy /10 €KpaHa.

[Toai6HO 10 )KOPCTKOr0O €KpaHa, IpU 3MEHIIEHH] BIJICTaH1 BiJl JKEpesa 3BYKY 110
eKpaHa, Horo eQeKTUBHICTh MIABUIIYEThCA. Tak, MpW 3MEHINEHHI BiJICTaHI MiX
€KpaHOM Ta JKepesoM 3BYKY Bifl 10 M 10 5 M epeKTUBHICTh 3BYKOMOTJIMHAIBHOTO
eKpaHa 30UIbIIyeThbest HAa 5 b A OIM3bKHUX 10 eKpaHy TOYOK, 1 10 4 1b Ams TO4oK
Ha BijcTaHi 25 M BiJ ekpaHa. OJHOYACHO JIJIs )KOPCTKOT'O €KpaHa 30UIbIICHHS HOTO
e(heKTUBHOCTI IPU 3MEHIIICHH1 BiJicTaHi AopiBHIOE 3 Ab Ta 2,5 nb BiAMOBIIHO.
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Pucynok 7 — E¢exTuBHicTh ekpany BucoToro 0,7 M 1J1s1 4acTOT:
a—315Tm;6-1250 I'; B — 5000 I';x

5 LDI&E

Bucota, m
Bucora, m

8 55 & 8% 8
8 &5 5 8 8 R 8

a) - : i ) Biacrane, u 6) E 7 » ‘ EIAI:YSNE. "
PucyHnok 8 — AkycTu4He moJjie mo 3HaXOAUThCH HAJl AKYCTHYHO KOPCTKOIO
MiBIVIOIIMHOIO, Bi/ JIIHIMHOTO JKepesia 3BYKYy: a) - 0e3 ekpaHa; 0) — 3 eKpaHOM
3BYKOINOIJIMHAJBLHUM BHCOTOI0 5 M
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b=5 M HOPCTKMIA

0
9
b=10 m ®opCcTKUIH 8
b=20 m ®opcTRUiA 5
b=5 m norauMHarumii 1
b=10 m nornuHaroumin 1,2

b=20 m nornuHaroumin = 0,9

= == bH=5MNOrMMHAIYUA == == b=10M NOrNMMHAYUA == == b=20 M NOrIUHAOUYMIA

b=5 M }HOPCTKMIA

60 90 120 150 180 210 240 270 300 330 360

16 | -6 | 21| 20
30 -75 18 | 17
21 -8 16 165
3| -1 25 26
-2,8|-1,6(23,5| 23
1|18 21] 20

e )=10 M HOPCTHUA

R=25m

10112 13/15 1618 19 21 22 24 25 27 28 30 31 33

0 1530 45607590

b=5 M HOPCTKUIA 21-3 4 -3 1
b=10 m ®opcTKUIA 75-312 -1 -1
b=20 m ®opcTKUHA 23 -721-6 7
b=5 m nornuHatoumii |1 0 0,5 -1 4,5
b=10m nornauHaroumin 7,5 -1/ 2 -1 1,6 -

b=20m norauMHaroumin 2 -2/ 3 -11,5 -

= e= H=5MNOrNMHaHYUHA == == b=10M NOrMUHAKYNN == = hHh=20 M NornMHaOUYMI

b=5 M HOPCTKUIA
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22,5-3287 185755 2
-1 3255 1314137565
-33,54,57,517 18 14 117,5
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3 -2 3 815161512 9
3 -1 4 8 1820161311
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5
)
0
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e =10 M HKOPCTKMIA
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12
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12 95| 11 13 145
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16 13 | 16 17,5 185
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e )=2 0 M HOPCTHUA

W ~ U s w o

e [)=2 (0 M }KOPCTHUMA
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20254 6 7 8
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3456 91214 16
345575879812
42 5 79,614 15 17
7 758911 15 18 21

W

Pucynok 9 — E¢exTHBHICTh eKpaHiB B 32J1€5KHOCTI BiJl BUCOTH Ha BigcTaHsax (R)
Bi ocHOBH 2 Ta 25 M

Ha pucynky 11 HaBeneHO BIUIMB YaCTOTH 3BYKY Ha €()€KTUBHICTh KOPCTKOTO Ta
IIYMOTIOTJIMHAJIFHOTO €KpaHa Ha PI3HUX BIICTAHAX 10 00’ €KTIB IIyMy.
Sk BUAHO, /U1 000X BUJIIB €KPaHIB 3 IMIIBUIIICHHSIM YacTOTH HOTO €()eKTHUBHICTh
30utbmyeTbest. Ha wmanmux  Biacransx (R=2 ™M) Big expaHa eQeKTUBHICTh
3BYKOTOTJIMHAIBHOTO €KpaHa OJi3pK0o Ha 3 Ab BWINA BiJ aKyCTHYHO KOPCTKOTO HA

BCIX YacToTax.

[Tpu 361nbmenH1 BifacTani (R=25 M) Bix ekpaHa cOCTEPIra€ThCsl BILIMB YaCTOTH
Ha 3pOCTaHHs €()EeKTUBHOCTI 32 PaXyHOK MOTJIMHAHHS 3BYKY.
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Pucynok 10 — E¢ekTUBHICTH eKpPaHiB B 32JI€2KHOCTI Bijl BIICTaHI 10 JKepesia
3BYKY

BigmoBimno Ha Hu3bkuX dactotax (40 I'm) migBumieHHs e(QEeKTUBHOCTI 3a
PaxyHOK MOTJIMHAHHS 3BYKY MPOSBISETHCS Bxke pH KyTi 120°, Ha BUCOKUX YacTOTax
(400 T'u), BOIMB TMOIVIMHAHHS 3BYKY BIJOYBA€TbCS JIMILE MPU JOCSITHEHHI
MaKCHMaJbHUX 3HaueHb eQekTuBHOCTI mpu KyTi 170°. Ilpu 1pomy HalBUIIMIA
NOKa3HUK IPUPOCTY €(PEKTUBHOCTI €KpaHa 3a PAXyHOK IIOIVIMHAHHA 3BYKY HE
3aJeKUTh BIJ] YaCTOTH 1 CTAHOBUTH IpPHU YMOBaxX HaOMMKEHHUX JO pealbHUX Ha
aBTOo/10p031 M-06 KuiB — Yom 3 ab He3anexHO BiJ BIJICTaH1 10 eKpaHa.
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Pucynok 11 — E¢ekTUBHICTH eKPaHiB B 32JI€2KHOCTI BiJl 4aCTOTH
Ha BiacTansx (R) Bix ocHoBH 2 Ta 25 M
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Pucynok 12 — E¢eKTUBHICTh eKPaHiB B 32JI€2KHOCTI BiJl 4aCTOTH
Ha BigcTansx (R) Bix ocHoBH 2 Ta 25 M
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Pucynok 13 — E¢eKkTHBHICTh €KpaHiB B 3aJ1€KHOCTI Bil KyTa HaXHJIy Ha
Biacransx (R) Bix ocHoBu 2 Ta 25 M

BruiuB BennunHU KyTa HaXwiIy eKkpaHa (pUcyHOK 12) Ha Horo e(h)eKTUBHICTD IS
Manux (MEHIIMX 3a HOro BUCOTY) BIJCTaHEH BiJ ekpaHa MmojaiOHa 10 €PEeKTUBHOCTI
JKOPCTKOT'O0 aKyCTHYHOTo ekpana. Jlms kyrtiB Bim 90° mo 165° mpu BigmaneHi Bif
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eKpaHa, HaXWJIEHOro B OIK J/Kepena 3BYKy, HOro e(eKTHBHICTh € OLIbIIOI 3a
e()eKTHUBHICTh €KpaHa BEPTUKAIBHOTO, a €peKTUBHICTh 11 KyTiB Bijg 190° mo 210°
HaXUJIEHOTO B O1K TEPUTOPIl IIYMO3aXUCHOTO € OUIBIION0, HIXK JIJIi BEPTUKAIHHOTO
eKpaHa.

ToOTo, BIUIMB MOIVIMHAHHS 3BYKY Ha €(EKTHBHICTh €KpaHa 31 30UIbLIEHHAM
KyTa CIIOCTEPEKECHHS 3pOCTa€E I KyTiB Ou3bkux A0 360° Ta 36ubmryerhes 10 4 nb
y TIOPIBHSHHI 13 aKyCTUYHO >KOPCTKUM €KPaHOM.

BucHoBkwm.

1. Hanpsimok HaliBHIOi €PEeKTHBHOCTI €KpaHa JIKHUTh B Mexax KyTiB Big 150°
10 210° Ta cyTTEBO 3aJIe)KUTh BiJ| KyTa HAXWJIy €KpaHa, YaCTOTH 3BYKY, Ta BiJICTaHi
MIX €KPaHOM Ta JIKEPEJIOM 3BYKY 1 MPAKTHYHO HE 3aJICKUTh Bl BUCOTH €KPaHa,

2. Hampsmox HaifHWKY0i edeKTHBHOCTI ekpaHa (Mexax KyTiB210-270")
CYTTEBO 3aJE€KUTh BiJl KyTa Haxwiy €KpaHa Ta YacTOTHU 3BYKY 1 MPAKTUYHO HE
3JIEKUTH BiJl BIICTaH1 MIXK JIXKEPEJIOM 3BYKY €KpPaHOM Ta HOTO BUCOTH;

3. EdexTuBHICTh €KpaHa 3pocTae Mpu 30UIbIIEHHI WOro 4acTOTH 1 BUCOTH Ta
3MEHIIICHH] BIJICTaHl MK JDKEPEJIOM 3BYKY Ta €KpaHoM. [[jsi OLIbIIOCTI HANpPSIMKIB
e(eKTHBHICTh C€KpaHa 3pOCTAa€ MpPU HaxXWJeHHI ekpaHa (B Mexax 15-20°) B Oik
JoKepena 3ByKy. IIpoTe 3a ekpaHOM € Takl TOYKH, A¢ €(PEKTHBHICTh BEPTHUKAIHLHOTO
YU HaXWJICHOTO BiJ JpKepelia 3BYKy eKpaHa Moke OyTu OutbInor. ToOTO KyT HAXMITY
eKpaHa € TaKUM KOHCTPYKTHMBHMM 3HAUEHHSM, 3MIHIOIOUM SIKE JOCSATa€ThCA
3pocTaHHs e(heKTUBHOCTI eKpaHa 0e3 MiABUIIICHHS 10Tr0 BUCOTH;

4. 3MiHa KyTa HaXWIy 3a €KPaHOM KOPCTKO1 MIBILIONIMHYU BIAYYTHO BIUJIMBAE Ha
KoH(piryparito monst epexTuBHOCTI. Mamni KyTH HaxXuiay Mar0Th iHTephEepeHIIiHY
KapTHHY, 1110 00OYMOBJIEHA BIJIOUTUM BiJ KOPCTKOI IUIOMIMHU 32 €KPAaHOM 3BYKOM Ta
aupparMoOBaHUM 3BYKOM Kpi3b BEPXHIO KPOMKY LIOTO €KpaHa.

5. EdexTuBHICTh 3BYKONOINIMHAIBHOTO €KpaHa Ha 2-5 nab Ouiblna, HIXK
xopcTkoro. IliABUIIEHHS 3a paxyHOK 3BYKOIIOIJIMHAHHA €(QEKTUBHOCTI €KpaHa
IPOSBIISIETHCS] HAUOLIBIIE 01151 PO3TAIIOBAHUX SIKOMOTA OJIMKYE IO €KpaHa TOUOK Ta
JUTSI BEJIMKUX KYTIB 3BYKOBOI TiHI.
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yCTaTKOBaHHSM. BU3Ha4ueHHs piBHIB 3ByKOBOTO THCKY BHIIPOMIHEHHsI Ha poO0odOMYy
MICIIl Ta B IHIIMX BH3HAYEHHUX MICISIX Yy TMPAKTAYHO BIIBHOMY TIOJII HaJ
3BYKOB1IOMBAJIBLHOIO TUIONIMHOIO 03 ypaxyBaHHs momnpaBok Ha cepenoBuile (EN
ISO 11201:2010, IDT; ISO 11201:2010, IDT).

Abstract. One of the important transport environmental problems is the issue of noise
reduction in populated areas and places where people are constantly staying. Excessive noise levels
are on a par with air and water pollution in terms of their negative impact.

To determine the acoustic characteristics of noise barriers, experimental studies were
conducted in laboratory conditions. Conditions close to ideal, including background noise and
weather conditions that corresponded to those in the area where vehicles travel, were recreated.

The aim of the experiment was to investigate the effectiveness of noise barriers when used to
reduce traffic noise levels.

Keywords: noise protection screen, vehicles, residential area, sound frequency, screen angle,
distance.
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Abstract. The purpose of the work is the theoretical justification of the mechanism of water
structuring using the effect of hydrophilic hydration on the example of using a polycarboxylate
superplasticizer as a nanomodifier. To achieve the goal, the following tasks were set: to conduct
experimental studies of the mechanism of influence of colloidal hydrophilic surfactants on the
structure of water. The paper presents the results of theoretical studies of the influence of colloidal
hydrophilic surfactants on the structure of water and the mechanism of Portland cement hydration.
It is shown that the introduction of these surface-active substances into water in very low
concentrations leads to the effect of hydrophilic hydration, that is, changes in the interaction
between water molecules. Hydrophilic hydration in water contributes to the formation of the porous
structure of concrete. It was established that hydrophilic hydration is characterized by the fact that
part of the dissolved substance inhibits the translational movement of water molecules and is
associated with the fact that part of the solution space, corresponding to the own volume of the
dissolved substance particles, is oversaturated with water molecules. Hydrophilic and hydrophobic
hydration have different mechanisms. Large hydrophilic ions cause ordering of the water structure.
Having a more ordered structure than pure water, solutions of these substances require less work
for dissolution, as a result of which the solubility of the latter increases. The conducted experiments
make it possible to draw an unequivocal conclusion that polar groups are not capable of hindering
hydrophilic hydration. The introduction of molecules of hydrophilic surfactants in the form of
dimers into water leads to the structuring of water, that is, the formation of a continuous fractal
network of water molecules.

Key words: fine-grained concrete, Portland cement, hydration, modification, surfactant,
water activation

Introduction.

Concrete production is one of the most important components of the
construction industry, which significantly affects the development and functioning of
other components. High-quality concrete is one of the main factors in the industrial
development of society and its material growth. According to preliminary estimates,
the need for concrete for the restoration of damaged civilian and industrial facilities
will more than double. Concrete is one of the most important building materials that
is widely used in modern construction. However, over time, its nutritional properties
may deteriorate, which leads to a decrease in the quality of construction work.
Therefore, it is important to know the possible ways that can lead to the prolongation
of the preservation of the established consumable properties of cement

Problem statement and its connection with the most important scientific
and practical tasks. According to H. Taylor's definition, composite Portland cements

are a hydraulic binder consisting of grinding products of Portland cement clinker,
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additives that regulate the technological properties of cement dough and one or more
mineral additives. The most important of them are blast furnace granular slag,
removal ashes, natural pozzolans, trepel, opoka, microsilica. As mineral additives in
Portland cements, waste from many industries can be used, or dump rocks formed in
quarries during the opening of the main cement raw materials. In the domestic
literature, such Portland cements were called multicomponent or mixed.

Artificial stone, which is formed during the hardening process of cement, is a
capillary-porous body. That is, its volume is permeated with a network of pores of
different sizes. Through these pores, components of an aggressive environment
penetrate deep into the cement (concrete) stone, which lead to its destruction.
Therefore, the solution to the issue of regulating the porosity of concrete, in particular
fine-grained concrete, is quite relevant

Analysis of recent research and publications.

A large number of studies are devoted to the study of the properties of composite
Portland cements and their influence on the quality of the resulting concretes [1-7].

It is believed that filler additives are also involved in chemical processes
occurring during the hydration and hardening of cements, but their interaction with
cement hydration products is very slow, so their effect on cement properties is
limited, mainly, by improving its grain composition [8]. These additives include
natural ones. calcium and magnesium silicates (wollastonite, diopside, rankinite,
dunite), as well as calcium and magnesium carbonates (limestone, dolomite,
dolomitized limestones, chalk).

Making cement from several main components makes it possible to optimize the
properties of cement by exploiting the strengths of individual components and
inhibiting their shortcomings. In addition, it gives the manufacturer a high level of
flexibility in the choice of material, the content of individual components, as well as
in the choice of cement grinding technology and parameters of the mixing process of
components. Thus, in the work [7], the influence of microstructure on the physical
properties of concrete made by replacing part of the fine aggregate with mineral
powder was studied. The caution shown by cement producers when mastering the
production of composite Portland cements is primarily explained by the poor study of
the combined effect of several simultaneously introduced mineral additives on the
properties of cements.

The question of the active participation of carbonate additives in the chemical
processes occurring during the hydration of composite Portland cements is still
debatable. Usually, these additives are classified as fillers. With their possible
interaction with the hydration products of clinker minerals, the above hydrate phases
cannot be formed, until only the possibility of interaction of CaCO3 with calcium
hydroaluminates with the formation of calcium hydrocarboaluminate of the
composition 3CaO- is reliably established. Al,O;- CaCO;-12H,0 [8]. According to
the authors, hydrocarboaluminate crystallizes in the form of hexagonal plates, which
rapidly increase in size and turn into crystalline growths that form dense
accumulations on the surface of cement and calcium carbonate particles, providing
increased bonding strength.

In the paper [9] the effect of the addition of limestone on the mechanisms of
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calcium leaching in cement-based materials is investigated, in the work [9] — the
durability of concrete with the addition of limestone powder is investigated, in the
work [10] — the hydration of C;A in the presence of Ca (OH),, CaSO42H,0 and
CaCO;s is investigated.

Only in the work [11] the physicochemical properties of aqueous suspensions of
microfillers with superplasticizers were investigated. Where carbonates were used as
microfillers, but the formation of porosity of cement stone was not studied.

Taking into account the results of the work [12], it was investigated to ensure the
uniformity of the strength of fine-grained concrete based on modified composite
cement, which contained carbonates and a superplasticizer [11], but the formation of
porosity of cement stone was also not investigated.

The purpose and objectives of the work: to determine the effect of the
carbonate component and the superplasticizer on the porosity of cement stone (fine-
grained concrete). To achieve this goal, it was necessary to solve the following tasks:
to determine the influence of the carbonate component on the porosity of fine-grained
concrete; to determine the effect of the superplasticizer on the porosity of fine-
grained concrete.

Materials and methods of research.

The methodology of the study was based on theoretical and empirical methods
based on experiment, comparison, generalization, system approach, mathematical
modeling, planning and processing of experimental results. The work was carried out
using the system-structural approach of construction materials science "composition -
structure - properties". Experimental studies were carried out on laboratory samples
manufactured and tested on certified equipment in accordance with the current
regulatory documents of Ukraine using standard test methods.

The study was carried out using cement SEM II/B-S 400 of Kryvyi Rih Cement
PJSC, containing 35% of blast furnace granular slag, and modifiers — hyperplasticizer
of organic origin Sika Plast-520, chalk. As a fine aggregate for testing fine-grained
concrete, polyfraction river Dnieper sand was used. The ratio of fine aggregate to
cement (by weight) was 3:1.

The components of the concrete mixture were moistened to the humidity
determined by the experiment plan and the mass was mixed for 4 minutes. The
superplasticizer was injected with an aqueous solution at the rate of Sika Plast-520 -
per mass of cement. Experimental samples with a side size of 40x40x160 mm were
made by vibration molding, some of which, after hardening in air for 3 days,
continued to harden in air, and the other part in water.

An indirect assessment of the effect of modifiers on the kinetics of cement
hardening at a water-cement ratio (V/C) of 0.5, 0.55 and 0.60 was carried out based
on the results of determining the curing time on the Vika device. Determination of the
effect of modifiers on the hardening of cement stone in the early stages was carried
out on cement samples with V/C 0.5, 0.55 and 0.60. The main indicators of the
properties of concrete samples determined in the experiment were chosen:
compressive and bending strength. Determination of these indicators was carried out
according to the methodology of the relevant State Standards of Ukraine/

To simplify and clarify the processing of results, the strength and porosity of
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concrete were converted into relative units (%).

Research results.

The results of determining the porosity of cement concrete samples at the early
stages of hardening with V/C = 0.50-0.60 are presented in Fig. 1 and Fig. 2.
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Figure 1. The effect of the water-cement ratio on the porosity of concrete
(¢ — calcium carbonate content)
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Figure 2. The effect of the water-cement ratio on the porosity of concrete
(V/C — water-cement ratio)
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It should be noted that, as the results of experiments show, the degree of
influence of calcium carbonate on the porosity of concrete depends on the value of
the water-cement ratio. Within the framework of the experiment (with a water-cement
ratio of 0.5 to 0.6), the dependence of the magnitude of the porosity of concrete on
the concentration of the modifier (carbonate) has a form close to a parabola. At the
same time, there is a minimum value of porosity at a concentration of the modifier
(carbonate) of about 20%. However, in most cases, the porosity remains greater than
the porosity of concrete without carbonate.

The indicated optimal value of carbonate content coincides with the results of
determining the effect of the carbonate modifier on the strength of concrete [11],
which also has the form of a parabola, which has a maximum value of concrete
strength at a modifier concentration of 20%.

The introduction of a surfactant into the "Portland cement — carbonate" system,
which ensures the flow of hydration of the hydrophilic type [12], leads to a
significant decrease in the porosity of concrete (Fig. 3).

140
relative porosity , %
130 e B/Ll=0,5 @ B/LI=0,55 @ B/LI=0,6
120
110
100
90

80\

70

Surfactant content, %
60
0 0,0001 0,0002 0,0003 0,0004 0,0005
Figure 3. Effect of surfactant (surfactant) on porosity
fine-grained concrete, which contains 20% calcium carbonates

Based on the results obtained, the theoretical model of the initial phase of the
interaction of cement with structured water can be presented as follows. In the
process of cement hydration, one problem arises — the lack of water for hydration at
values of W/C, which does not exceed a certain value of [W/C], (under experimental
conditions [W/C]y, — less than 0.55). the formation of evenly distributed pores in the
cement stone, into which the resulting Portlandite and ettringite migrate. As a result,
the structure of cement stone is formed with a high content of high-strength, low-
basic calcium hydrosilicates. This leads to an increase in the strength of the cement
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stone by almost 2 times [11]. The difference between the "cement particle —
structured water" system 1is that when its reactants collide, water molecules
(respectively, protons) are actively absorbed by the hyperamorphized layer of the
cement particle. Protons penetrating the amorphized layer of the cement particle have
abnormally high mobility and high penetration and bind strongly to electronegative
oxygen atoms and form hydroxylions. The appearance of active Ca?", (SiO4)*, H;0",
OH™ and others, their fleeting interaction is the reason for the increase in the strength
of concrete at W/C > [W/C],, despite the increase in its porosity. Since protons from
water molecules on the surface migrate into the original cement crystal, calcium
atoms move in the opposite direction and, to a lesser extent, silicon outside into
solution through hydration products.

The inability to remove all the questions that have arisen within the framework
of this study determines the direction of further research. They, in particular, should
be focused on identifying the composition of neoplasms in the process of hydration of
the "Portland cement — water modified in the process of hydrophilic hydration"
system.

Conclusion.

Water activation by the use of the hydrophilic hydration mechanism
significantly affects the change in the nature of the processes of hardening and
structure formation of fine-grained concrete. The peculiarities of the formation of the
structure of fine-grained concrete, which is obtained on the basis of water activated
by the use of the hydrophilic hydration mechanism, are the ambiguous effect of the
amount of water modifier on the porosity of concrete. Separately, it should be noted
that the experiments carried out confirmed the main provisions of the theory of ultra-
low concentration, which has not yet
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Anomauin. Possumox Hosux cnocodig nepegezenv 8aHMANCI8 MOPCOKUM ULIAXOM MA NOSA8A
cneyianizo8anux CcyoeH 6eluKoi 8000MOHHANCHOCMI NpU36eno 00 Mmo2o, W0 Oilbuly YacmuHy
npuyanvHozo powmy nopmie Ykpainu mpeba pexoncmpyroeamu. He eci icuyrouu memoou
PEKOHCMPYKYIL ma NOCUNIeHHA MOJICIUBO peanizyéamu y CMUCHEHUX YMOBaX MIHIMAIbHO
nopyutyouu OisiibHicms nopmy. B pobomi npoananizoéari 0esxi cyuacHi mexHonozii, siKi MONCIUBO
BUKOPUCMOBYBAMU NPU PEKOHCMPYKYIL ma NOCULeHHI PI3HUX MUNi8 2IOPOMeXHIYHUX CNnopyo
(MpuuanvbHux Ccnopyo, 020pPO0ACYBAILHUX CHOPYO, Oepeco3axucHux cmiukax, epeoasx). Ile
BUKOPUCMAHHA Memooy IMRAAHMAYii, 2PYHMOBUX aHKEpI6, 3aKpINIeHHs 2PYHMY OCHO8U mda
sacunxu. Ilpusedeno ix nepesacu ma HedONiKU, NPUKIAOU BUKOPUCMAHHSA 8 CYHUACHIU 2i0pOMEXHIKU.

Knrouogei cnoea: pexoHcmpyKkyisi, nocunenHs, Mmemoo IMHIanmayii, 2pyHmosi aHKepa,
CMpYMeHe8a YeMeHmayisa SpyHmie.

Berym.
[HTEHCUBHUI PO3BUTOK HOBHUX CIOCOOIB NEPEBE3CHb PI3HUX THUIIIB BAHTAXIB
MOpPCHKMM IHUISAXOM Ta IOSBa CIELIali30BaHUX CyAEH BEIUKOi BOJOTOHHAXKHOCTI
MPU3BEJIO JI0 TOro, IO OIbIa YaCTHHA NPUYAIBLHOTO (PPOHTY MOPTIB YKpaiHH
MOPAJIbHO 3acTapija B TEXHIYHOMY BIJHOIIEHHI. barato icHyroouMx mpuyaliB 3apas
EKCIUTYaTyIOThCSl 32 MEXKaMU MPOEKTHOTO TEpMiHY CiaykOou. HeBiamoBiAHICT iX
TEXHIYHUX MapaMeTpiB CyYaCHUM Cy/aM Ta METoAaM OOpOOKHM BaHTaKIB MPU3BOAUTD
710 HEBUIIPaBIaHUX €KOHOMIYHHUX BTpAT.
[IparHeHHss 30UIBIMIMTH 3pPOCTAHHS BAHTAXX000Iry TIOPTIB 3a HASBHOCTI
ICHYIOUOTO MPUYAIBHOTO (PPOHTY OCTAHHIM YacOM MPHU3BEIIO TAKOXK IO MOTIPIICHHS
TEXHIYHOTO CTaHy mOpuYadiB. Jlo mpUYMH, 110 BUKIUKAIW 1€ MPOIIEC, MOXKHA
BIJIHECTU:
® TOPYIICHHS TMPaBWJI TEXHIYHOI eKCIUTyaramii MNpUYaIbHUX  CHOPYH
(MepeBUIIEHHS] MAaKCUMAJIbHO JTOMYCTHUMHX EKCIUTyaTal[liHUX HaBaHTaKEHb,
HEpEnIaMEHTOBAHUM HaBaJl CyA€H MPH MIIXO0/1 10 NpUuyaiy);

® BIJICYTHICTh IOCTaTHIX KOIIITIB Ha MIPOBEICHHS HEOOXITHUX
PEKOHCTPYKTUBHHX 3aXO/IiB;

® HApOCTaHHS MpoIlEeCiB (PI3UUYHOTO Ta MOPAJBLHOIO 3HOCY, MOB'SI3aHUX 13
TEPMIHOM EKCILTyaTarlii Copy.
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[Ilo6 KOHKypyBaTd 3 TMOPTaMH IHIIMX JEP’KaB, HAPOIIYIOYH BaHTaXXOOOIr,
MOTpiOHA TEPMIHOBA PEKOHCTPYKINS (IMMOCHICHHS) Ta MOJEpHI3aIlisd MPUYaILHOTO
(bpoHTY Mailke BCIX yKpaiHChbKUX MOPTIB [1].

Kpim 1mporo, B mporeci ekcrulyartaiii IOCTYMOBO 3HMXKYETHCS MIIHICTb
KOHCTPYKIIii, 3'IBIAIOThCSA medopmartii, i, SKIIO HE BXUATH 3alOODKHHMX 3aXOJiB 3
4acoM CIOpyau pyiHyIOThes. [le Moke BimOyBaTUCS MOBUIHHO 1 HEMOMITHO 1 TAKUM
YUHOM CTBOPIOBAaTH YSBJEHHS MOBHOTrO Onaromosiyyus. B pe3ynbrari MOXYTb
CTaTHUCS HECIO/IIBaH1 BaXKK1 aBapii, IKUX MOXHa OyJi0o O Jerko yHUKHYTH.

[Ipu mpoexTyBaHHI 1 3A1MCHEHH]T POOIT 3 PEKOHCTPYKIIIT TAPOTEXHIYHUX CIIOPY/T
ad0 TOCWJIEHHs CHiJ BiIJaBaTh NepeBary THUM METOJaM Ta BapiaHTaM, 5Kl B
MIHIMAJILHOMY CTYTE€H1 MOPYIIYIOTh E€KCIUTyaTaliiHy MisUIbHICTh MOPTYy, abo Horo
YaCTHHH, 1 SIK1 3a0€3M1eUyI0Th BUKOHAHHS OY/[IBETbHO-MOHTaKHUX POOIT B HAWOLIbII
KOpoTkui TepmiH. K TakuM MeTomaM MOKIIMBO BiJHECTH TH, MPH KOTPHUX BIJCYTHS
HEOOXIAHICTh B YAaCTKOBOMY PO30MpaHHI 1CHYHYOi KOHCTPYKIIi Ta pO3YyIILIbHEHHS
I'PYHTY 3BOPOTHBOI 3acumnku. [Ipu 1ipomy Hemae HEOOXIJHOCTI Y BHUHECEHHI HOBOI
JIHIT KOPJIOHY Ha BEJIMKI BIJICTaHI.

BukJjiaieHHsI OCHOBHOT'O MaTepiaJy.

Y @it poOOTI pO3MISIHYTI Ta MpOaHATI30BaHI CIOCOOM PEKOHCTPYKIIIT
TIIPOTEXHIYHUX CHOPYA 3a JOMOMOIOI0 Cy4YacHUX TEXHOJOT1YHUX 3aco0iB,  SIKi
MIHIMI3yIOTh BTPYYaHHS B ICHYIOUH CIIOPY/IH.

HoBiTHiM MeTOmoM Ha paHuid dYac € wmeron imrmuianTtamii [2]. Lle meron
OyIIBHUIITBA T4 PEKOHCTPYKIIii, AKUN BKJIIOYAE T1JIpaBIiyHE BAABIIOBAHHS €JIEMEHTIB
KOHCTPYKITii, IO CKIAMAlOThCsl 3 paMU 1 OCHOBH, B 3€MIJII0 3 BHUKOPHUCTAHHSIM
CTaTUYHOI'O HABAHTAXXEHHS JJII CTBOPEHHS CTIMKUX KOHCTPYKUIA (KOHCTPYKIIIH
IMIUTaHTAallli), IHTETPOBAHUX 13 3EMJICIO.

Merton iMmuradTamnii €KOHOMHUTH MICIIE 1 JIO3BOJISIE 3aBYACHO 3BOIUTH
KOHCTPYKUIi 0€3 TUMYacoBUX pOOIT, TPOCTO BTUCKYIOUU E€IEMEHTH KOHCTPYKIIH y
3eMJII0.  3aBHASIKM TMPOCTOMY Ta palllOHAJbHOMY METOJAYy 3 BHUKOPHUCTAHHSIM
KOMIAKTHOTO CUCTEMHOI'0 00JIaJIHAHHS, SIKE 3BOJAUTH 10 MIHIMYMY Jialia3oH BILIMBY
po0iT, Ta BUCOKOSIKICHUX KOHCTPYKTUBHUX €JIEMEHTIB, 3MiHU Tomorpadii 3BOASITHCS
0 MIHIMyMYy, a BIUIMB Ha JOBKUUIS TPH 3BEICHHI KOHCTPYKIIM 3BOJUTHCS JI0
MiHiMmyMy. Kpim Toro, mepemimieHHss a00 BHUIAJICHHS MOXKHA JIETKO BHKOHATH
[UISIXOM BHJIYYEHHS CTPYKTYPHUX €JIEMEHTIB, 1, TaKuM 4YHHOM, II€ METOJ]
OyIIBHMIITBA, SKUM BTUIIOE B €001 (PYHKLIOHAIBHO-OPIEHTOBAHI CTPYKTYpPH
BIIMOBIAHO 7O JKUTTEBOTO IUKIY, IPUIATHOIO IS BTOPUHHOI IEpepOOKH,
HaIPUKJIAJ], TOBTOPHE BUKOPUCTAHHS BIJAJICHUX MaTepiatiB AJIs 1HILIOT I[1Ti.

Jna meroxy iMmaHTtanii BukopuctoByeTbes Silent piler [3]. Lle rimpasniuna
MallliHa JIJIs 3alpEeCOBYBaHHS Ta BUWMaHHS Majib, BUHaieHa komnaHiero GIKEN y
1975 poui. Bona siBisie co0or0 nepiie B CBiTI MPAaKTUYHE 3aCTOCYBAHHS «IIPUHIUITY
3aMpecOBYBAaHHS» Ta MPALIOE IUIIXOM 3aTHCKAaHHS KUIBKOX Taidb a00 IMIMyHTOBUX
nanb, y)ke BOy/IOBaHUX y 3€MIIIO, TIOTIM BUKOPUCTOBYE CHITy OTIOPY BUTATY K CHITY
peaxiiii, mo0 IMTOBXHYTH HACTYMHY IMaji B 3€MJIIO 32 JOMOMOTOI CTaTUYHOTO
HABAHTAXKEHHS, BUKOPUCTOBYIOUH T1IPABIIYHUMN THCK.

Jlerka Ta KOMIakTHAa MamuHa Oe3 BiOparlii Ta mymy mae 3mory OyayBaTw 3a
pi3HHX oOOMexxkeHb. BoHa BUKOPUCTOBYETHCS B PI3HOMAHITHHX OY/IBEITBHUX
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CepeZIOBHILAX: TOPOTH, 3ai3HUIN, aepONOPTH, EHEPreTH4Hi 00’ €KTH, BOAOIPOBIIHI
Ta KaHaIi3allliiHI CUCTeMH, PIYKH, TaBaHl, y30epexiks, Mope, 00poTh0a 3 epo3i€ro Ta
3arajibHe OyJIIBHUIITBO.

Pucynok 1 — Silent piler

[Ile omuoro cucremoro € GRB System — 1me OyniBesbHa TEXHOJIOTIS, SKa
BUKOHY€ BCI pPOOOTM 3 YKIaJaHHd [ajb, Takl $K TPAHCHOPTYBaHHSA Iajb,
3aKaryBaHHS TMajb 1 3alPECOBYBaHHS MOBEPX FOTOBUX Haib [2].

Piling Direction of Press-in Work

Pile being pressed-in

SILENT PILER™

Power Unit
»/ / (Presses in the Pile)

CLAMP CRANE™
/" (Power Source)

/(Pitches the Pile)

*._PILE RUNNER™

\\ ORI RURNERD (Transports the Pile)

. PILER STAGE™ (Transports the Power Source)
(Work Platform)

Pucynok 2 — GRB System

Bona cxiagaerbes 3:

1. Clamp crane - me o0JiaHaHHA, SIKE€ BUKOPUCTOBYETHCS MOBEPX TOTOBHUX
nanb JUIsl 3BE€JCHHS HACTYITHUX HaJlb.

2. Unit runner — 1ie 00JaHaHHS, IKE BUKOPUCTOBYETHCS IIOBEPX 3aBEPLICHUX
najgb JJs TPAHCHIOPTYBAHHS CHJIOBOTO arperary, sIKUH € Kepenom
KUBJICHHSI JUIsI MALUMHY JUIsl IPECYBaHHSL.

3. Pile runner — me o0namHaHHs, KE BUKOPHUCTOBYETHCS MOBEPX 3aBEPIICHUX
najgh JUIS TPAHCMOPTYBAaHHS MMalbOBUX MaTepiaiB, TaKWX SK CTajeBl
IIMYHTOBI MaJil Ta CTaJIeBl TPyOUYaCTI Masi.
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[IpukiazmomM BUKOPUCTAHHS MOXKJIMBO MPHUBECTH IIaBy4ye MicTo Benenis, Itamis
(puc. 3). lle#t kpacuBuil IUIaBy4Ydid OCTpiB OyB MOOYyI0BaHMM 3 HECKIHUCHHOT
KUIBKOCTI MaJlb MOAPUHU B 3a00J0YEHUX MICISAX AJIpIaTUYHOrO MOps, 1 3apa3 BiH
3HAXOJUTHCS Ha MEXI1 3aTOIUIEHHS 4epe3 IMIJBULICHHS PIBHA MOPs, CHPUUYUHEHOIrO
3MiHaMH aTMOC(HEpPHOI0 TUCKY Ta TJI00aJIbHUM MOTEIUTIHHAM. TakuM 4MHOM, KUJTbKa
onuuulp cuctemu GRB Oynu posmiimieHi Uit CTBOPEHHS JaMOM IMIUIaHTaTy
MPOTATOM KOPOTKOTr'O TepioAy dYacy. BiH 3axuinae cnajiiuHy BiJ 3aTOIUICHHS, HE
BIUTMBAIOYM HA 1CTOpUYHI OyAiBIII Ta TOBCSIKACHHE KUTTS TOPOJISH.

Pucynok 3 — Jlamba y Beeui‘l'

Jlauuii METOA MOXJIMBO BUKOPHUCTOBYBATH 0€3 MPOBEIACHHS THMUYACOBUX POOIT
Ta CIHOPYA Ha 3aMKHYTUX 4YHM OOMEXKEHHMX MalJaHuuMKaX. 3acTOCOBYETHCS [0
IIMPOKOr0 CIEKTPY BJIACTHUBOCTEW CTIH 1 MOYKE OXOIUIIOBATU BCl PiBHI BUCOTH, IIO
yTPUMY€EThCSI, HEOOXIAHI B CydyacHill OyJiBenbHIM ramgy3i. MeTon BIaBIIOBAHHS
JI03BOJISIE BUKOHYBAaTH BCTAHOBJICHHS MMaJlb Y CKJIQJHUX IPYHTOBHX YMOBAX, TAKUX K
KaMiHb 200 3MIIIaHu{ TPYHT, MiJ3€MHI MEPEIKOAN a00 CKelli.

[HIIUM METOIOM PEKOHCTPYKIIIT € METO/I BUKOPUCTAHHSI IPYHTOBUX aHKEPIB.

IpynToBi aHkepn —  eQEKTHUBHUM IHCTPYMEHT IS  PEKOHCTPYKILI
TIIPOTEXHIYHUX CIOPYJ, SKUM JO3BOJISIE YKPIMUTH KOHCTPYKIII Ta 3amo0irtv ix
3MIIIIEHHIO Ta pPyWHYBaHHIO. [pPYHTOBI aHKEPH aKTUBHO BUKOPHCTOBYIOTHCS B
PEKOHCTPYKII T1IIPOTEXHIYHUX CIIOPY, TAKUX K JaMOU, OeperoyKpiruieHHs, [UTI03H
Ta CXWIM. AHKEpPH A03BOJSAIOTH 3a0€3MEUUTH HaAlMHE 34YEIJICHHS KOHCTPYKUIT 3
IPYHTOM 1 €(EeKTUBHO MNPOTUCTOATH CUJIaM, SKI BHUKJIMKAIOTh 3MIIIEHHA a0o
pyWHYBaHHS CHOPYAHM IT1J1 BIUIMBOM BOJM 4M 1HIIUX (hakTopiB [4].

[TpuknanoM BHKOPUCTaHHS LbOTO METOAY € PEKOHCTpYKLis mpuyamry Ne7
Onecbkoro nopty (puc. 4) [5-6].

[pyHTOBI aHKEPHI KOHCTPYKIi ABISIOTH COOOK KOHCTPYKIIO, IPU3HAYEHY IS
nepenavyl HaBaHTAXXEHb BiJl KOHCTPYKIIi, SIKYy (PIKCYIOTh, 6€3M0CEPEAHBO IO HECYUUX
I1apiB IPyHTY.
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Pucynok 4 — Ilpuuan Ne7 OngecbKoro nopry

[TomgibHOoro BUAYy KpIIUIGHHS MOKHAa 3acTOCOBYBaTH TpU  poOOTI 3
OOropOXKEHUMH KOTJIOBaHAMHU. 3aCTOCYBaHHS IPYHTOBOTO aHKepa IMPU MOHTAXI
KOTJIOBaHY TapaHTy€ JIETKICTh 3BEACHOT KOHCTPYKIIil, T03BOJIUTH BECTH OyaiBeNbHI
poOOTH TMOpY4Y 3 TOTOBOIO CHOPYAOK, MPHU I[LOMY BIACYTHS Oylb-sfika 3arposa
nedopmariii. I'pyHTOBI aHKEpHI KpIIUIEHHS 3BUIBHAIOTH BHYTPINIHIA MPOCTIP
KOTJIOBaHIB, IO CIIPHUSIE JIETKOMY 1 IIBHIKOTO MPOBEIEHHS Oy /1IBHUIITBA.
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Pucynok 5 — Ilpukiaaym BUKOPUCTAHHS IPYHTOBUX aHKeEPIB

LES1
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upoky momymsipHiCTs mnpuadaza MONEpeIHbO-HABaHTaXKeHa  (hikcallis
IpyHTOBOro ankepa. Came BOHa Jomomarae 3amno0iraTvd YUIUIbHEHHS TPYHTOBHUX
MOBEPXOHb Y3JI0BXK KOTJIOBaHY. Dikcalis aHKepaMu 4YacTO 3YCTpPIYAeThCs MPU
OyIBHHIITBI HA PI3HOMAaHITHUX THUIAX IPYHTY. BUHATOK — mpocinarodi rpyHTH.

AHKepHa (ikcailis BKJIIOYae B ce0e Takl CKJIAJOBl: HAaWBaXKJIMBIILIA YacTHHA
IPYHTOBOI aHKEPHOI CUCTEMH, 11 OTOJIOBOK, 110 JO3BOJISE IIEPEHOCUTH HABAHTAKECHHS
Bil JAeTami, ska (IKCyeTbCcsl Ha HECydoi YacTUHHM, Ha camy TAry (ikcaropa;
0e3rmocepeIHbO TsTa, 10 MEPEHOCUTH BCIO TSDKKICTH BIJ] CaMOi BaXJIMBOI JETali,
OT'0JIOBKA, HA KOPIHb KPITUICHHS; caM KOPiHb — CKJIa/I0Ba, 110 MEPEHOCUTH TAKKICTh
JI0 TPYHTY BIJl TATH KPIIUIBHUX CUCTEM.

['pyHTOBI aHKepu HaiyacTiie MOHTYIOTh 3a JIONOMOTOI0 OypiHHS 0e3
npomMuBaHHs abo >k 3 Hero. [licns OypiHHSA HPOBOJSTH YCTAHOBKY O€3MOCEpPETHbO
aHKEPHUX CTPUXKHIB.

[lepeBaru BUKOPHUCTAHHS TPYHTOBUX aHKEpIB — HAJ3BHYAHO BHCOKAa Hecyda
3IaTHICTh, HE MOTPIOHE CTBOPEHHS KOTJIOBAHIB, BUCOKA CTYIIEHb BUTOTOBJICHHS.

TperiMm MeTOIOM PEKOHCTPYKIl TIAPOTEXHIYHUX CHOPYJ € CTpyMEHEeBa
LEMEHTallis TPYHTIB [7].

TexHomoris CTpyMEHEBO1 IIEeMEHTAIlil TPYHTIB 3’ sIBUJIACS MPAKTHYHO OJHOYACHO
B TpbOX KpaiHax — Smonii, Itami, Aurmi. [HXeHepHa i1es BUSBUJIACA HACTUIBKU
IUTIIAHOIO, IO TIPOTATOM OCTAaHHBOIO JICCATIUNTTS TEXHOJOTIS CTPYMEHEBOI
IIEMEHTAIlll MUTTEBO TOIIUPHUIIACA IO BCbOMY CBITY, JIO3BOJISIOYM HE TUIBKU OUIBII
e(EeKTUBHO BUPINTYBATH TPAAUIIIMHI 3aBJaHHS, ajie 1 3HAUTH HOB1 PIIICHHS IHIINX
YHUCJICHHUX CKJIQJHUX MPOOJIeM B Tally31 MiJ36MHOTO Oy 1IBHHUIITBA.

Texnomnoriss JET GROUTING (puc. 6) mojsrae y BUKOPUCTaHHI KIHETHYHOT
€Heprii CTpyMeHS IIEMEHTHOTO pPO3YMHY, IO CHOPSIMOBYEThCS Ha pPyHHYBaHHS 1
NepeMilllyBaHHs TPYHTY B MacHuBi 0€3 CTBOPEHHS! B HbOMY HAJUIMIIKOBOT'O THUCKY.

Ha nepmomy erani cnewianbHo obnagHaHoro nix JET GROUTING 6ypoBoro
YCTAaHOBKOIO OypHUThCS MUIOTHA CBepjuioBUHA giamerpoM 73-90 mm. bypinas
MPOBOJUTECSA JO PO3PAXyHKOBOI TJIMOWHM, SKa BHU3HAYAETHCS IPOCKTOM, 3
MOTIEPETHIM MPOMHUBAHHSAM BOJHUM PO3YMHOM T THCKOM, IO HE mepeBuirye 50
aTM. 3pOILIEHHSI TOJA€ThCs Oe3NnocepeHh0 Ha PDKYyYHM I1HCTpyMEHT (OypoBYy
IAPOIIIKY ).

Air Jet

e A
= Covie SR |
faaee N s et i SRR

Pucynok 6 — Cxema crpymenesoi nemenrauii JET GROUTING
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Ha mactymHomy eTami HACOCOM BHCOKOTO THCKY TOMA€THCS BOJOIEMEHTHHIA
po3uuH Tmix THckoMm 450-500 atm. IluM BHCOKMM THCKOM TEPEKPUBAETHCS KaHAI
3pOIICHHS 1 BIAKPUBAIOTHCSA 2 OTBOPH, B SIKUX BCTAHOBJIEH1 coruia aiamerpom 0.8-3.0
mM. [ToBitbHO 0OepTatoun (o6opotu 10-25 006. / XB) 1, MOBUILHO TiAiliMal0uu OypOBY
KOJIOHY, BiIOYyBAa€ThCsl PO3pI3aHHS 1 MEpEeMIllyBaHHS TPYHTY BUCOKOI KIHETHMUYHOT
€Heprii CTpyMeHs, sika BUBEPracThbCs 3 BUIEBKA3aHUX corel. BUroToBeH1 3a 1i€to
TEXHOJIOTI€I0 Tajll MOXKYTh apMyBaTHUCSI.

Y TopiBHSHHI 3 TPATUIIHHUMU TEXHOJIOTISIMU 1H E€KI[IHHOTO 3aKPITICHHS
I'PYHTIB, CTpyMEHEBa IIEMEHTAIlisl JI03BOJISIE 3MIIHIOBATH MPAKTUYHO BECh Jlara3oH
IPYHTIB — BiJl TPaBIdHUX BIJKJIAJIIB JI0 APIOHOJUCIIEPCHUX TJIUH 1 MYJIIB.

[HIIOI0O  BaXMHMBOIO  TMEpPEBAarord  TEXHOJOTl €  Haa3BHYaiHO  BHCOKA
nepeadavdyBaHICTh Pe3ysIbTaTiB 3MIIIHEHHS TPYHTIB. L{e 1ae MOXKIMBICTD BXKE Ha eTarll
MPOCKTYBAHHS Ta YKJIAJAEHHS MAPSAHUX JOTOBOPIB JOCHUTH TOYHO PO3PAXyBaTH
FCOMETPUYHI Ta XapaKTEPUCTUKHU MIIHOCTI CTBOPIOBAHOI IMiJ3€MHOI KOHCTPYKIIIT
(mans, AUIsHKA TIAMIPHOI CTIHKM), a BIAMOBIAHO — TPYAOBUTPATH, MaTepiajiud Ta
BaPTICTh MIAPATHUX POOIT.

[Ipu pekoHCTpYKIUIi TIAPOTEXHIYHUX CIOPYJ MOKIUBE MIJCUICHHS MalbOBOTO
OCHOBH 4M 3aKpIIMJICHHS TPYHTY MEPeJI Ta 3a CIIOPYI0I0, HaJIal0uu IPYHTY OCHOBHU HOBI
(hi3uKO-MexaH1uH1 BIacTUBOCT1 (puc. 7).

1CH."ITHO

30HH 3aKPILTCHHS TPYHTY

30Ha 3aKPIILIEHHS [PYHTY

Pucynok 7 — 3akpinuieHHsI TPYHTY:
a — nocuneHHs OmopouKUu-ecmaxaous & — NOCUIeHHs: OMoOpPOUKU-O0NbEEPK

[lepeBaru TeXHOJIOT1:

1. Bucoka mBHUIKICTH CIIOPYIH IPYHTOIIEMEHTHHUX TaJTb;

2. MoxmuBiCTh poOOTH B OOMEKEHUX yMOBaX — B MiIBAJIBHUX MPUMIIICHHSX,
nooym3y icHyrouux OyziBesb. B nboMy BUMaaKy Ha 00’€KTi BCTAHOBIIOETHCS TUIBKU
MajorabaputHa OypoBa yCTaHOBKa, a BECh 1H E€KI[IMHUN KOMIUIEKC PO3TAIIOBYETHCS
Ha OLIBII 3pYYHOMY BIJJAICHOMY MaiJIaHUUKY;

3. ApMyBaHHS KapKacoM apMarypu;

4. BijicyTHICTh yJapHUX HaBaHTWKEHb, TaK SK Ha BIAMIHY B 3a0vBaHHS
3aJ11300€TOHHUX Tajlb MPUCTPIM TIPYHTOUEMEHTHUX TMajlb HE CYNPOBOIKYETHCS
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HETaTUBHHUM YyJApHUM BIUIMBOM Ha (PYHIaMEHTH OJIM3bKO PO3TAIIOBAHUX OyaiBEsb 1
CHIOpYI.

BucHoBoOK.

3araJbHUMU T€peBaraMu 3acCTOCYBAaHHS PO3IVISTHYTUX TEXHOJOTIYHUX METOJIIB
PEKOHCTPYKIIII U MOCUJICHHS TIAPOTEXHIYHUX CHOPYJ € BIJICYTHICTH HEOOXIAHOCTI B
YaCTKOBOMY pPO30MpaHHI CTapoi KOHCTPYKIIT Ta PO3YHIUILHEHHS TIPYHTY 3aCHIIKH,
HEMae HEeOOX1IHOCTI y BMHECEHH1 HOBOI JIiHII KOPJAOHY Ha BEJIHKI BIJCTaH1; BHCOKa
IIBUIKICTH TPOBEJICHHS POOIT.

Takoxx 10 mepeBar pO3TJSHYTUX TEXHOJOTINA CJiJ BIJHECTH X €KOHOMIYHICTD,
BUCOKY MPOJYKTUBHICTh, MOJIUBICTh BEJICHHS pPOOIT y OOMEKEHMX YMOBax,
BIJICYTHICTh IIIyMy Ta BiOparfiii miJ yac BUKOHAHHS POOIT, €KOJIOT1YHA YUCTOTA BCIX
TEXHOJIOTIYHUX Ollepalliii, MOXJUBICTb BUKOHAHHS pOOIT y 3aJaHOMy IHTepBal
TJIMOUH.
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Abstract. The development of new methods of cargo transportation by sea and the emergence
of specialized large-displacement vessels have led to the fact that most of the berth front of
Ukrainian ports must be reconstructed. Not all existing methods of reconstruction and
strengthening can be implemented in tight conditions with minimal disruption to port operations.
The paper analyzes some modern technologies that can be used in the reconstruction and
strengthening of various types of hydraulic structures (berthing structures, fencing structures,
coastal protection walls, dams). This is the use of the implantation method, soil anchors, soil
stabilization of the foundation and backfill. Their advantages and disadvantages, examples of use in
modern hydraulic engineering are given. The considered methods use modern equipment, the
advantages of which include their cost-effectiveness, high productivity, the ability to carry out work
in limited conditions, the absence of noise and vibration during work, environmental friendliness of
all technological operations, the ability to perform work in a given depth range.

Key words: reconstruction, strengthening, implantation method, soil anchors, jet grouting of

soils.

Crarts Binnpasiena 07.01.2024
© Cnob6onsauk I'.B.

ISSN 2567-5273 51 www.moderntechno.de



Modern engineering and innovative technologies Issue 36 / Part 3 (RGI

http://www.moderntechno.de/index.php/meit/article/view/meit36-00-002
DOI: 10.30890/2567-5273.2024-36-00-002

UDC 619:636.32/599.735.3

TECHNOLOGIES FOR IMPROVING THE NATURAL FOOD SUPPLY OF
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TBAPHUH (CERVIDAE)
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Abstract. Reindeer breeding in Ukraine is becoming widespread and is being formed as a
new direction in the field of animal husbandry. Breeding and maintenance of animals in the
conditions of farms requires the development and implementation of modern approaches to the
system of maintenance, animal welfare criteria, improvement of the system of feeding
(supplementation), monitoring and prevention of diseases. The scientific sources of the literature,
which contain research data of domestic scientists on issues of ensuring the welfare of deer, have
been analyzed. Features of digestion and feeding ecology of deer are given. The technological
aspects of improving pastures for deer using mixtures of perennial grasses are highlighted.

Key words: grass mixtures, exchangeable energy, pasture, hunting economy, wild ungulates

Introduction .

To date, reindeer herding is becoming widespread in Ukraine, as the newest
direction in the field of animal husbandry. In many regions, networks of aviaries and
farm complexes have formed, which specialize in keeping and breeding animals of
the Deer family. For effective keeping and breeding of deer, it is necessary to develop
and implement modern approaches to the system of criteria for assessing animal
welfare, improving feeding (supplementing) systems, monitoring and disease
prevention [1, 2].

In the conditions of modern natural and climatic changes and anthropogenic
load on the environment, it is becoming more complicated processes interaction in
the system wild animals - the environment environment - activity man, which
significantly affects the population of wild ungulates in Europe [2]. Breeding of
animals in enclosures determines growth the number and density of animals in the
conditions fragmentation natural stations housing (mainly in a limited area), which
can lead to the depletion of the natural fodder base and, accordingly, has a negative
impact on rural and forest economy [2,3].

In order to prevent the deterioration of the structure of forest plantations, the
food of agricultural crops, the migration of animals released into natural ecosystems,
as well as to solve a number of issues related to the management of animal
populations and their exploitation, it is advisable to create fodder fields using modern
methods of agricultural technology and taking into account the ecology of animal
nutrition, the peculiarities their physiology. For such fields, it is advisable to use
lands that for various reasons are not used in traditional agriculture, in particular
meadows, which need improvement. Increasing the productivity of such meadows
can be achieved by enriching the soil with fertilizers and sowing mixtures of
perennial grasses.
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Main text.

Deer belong to of the suborder Ruminantia of the order Cerviformes. A
characteristic feature of the digestive system of the Ruminants suborder there are
previous splitting and digestion of feed, after its entry into the scar, which occurs
with participation microorganisms and further assimilation products fermentation.
The alimentary canal of this group of animals has a specific anatomical structure and
includes the foreguts (rum, net, book) and proper stomach - abomasum. In the
stomachs complex feed components are broken down into simple compounds:
carbohydrates - to the volatile fatty acids, proteins - to amino acids and ammonia, and
hydrogenation unsaturated of fatty acids leads to formation lipids. Volatile fatty acids
are absorbed and are used by the animal organism as plastic and energetic the
material C aprofita microflora stomachs, using formed ammonia, synthesizes with the
participation of amino acids proteins bacteria scar. This one feature digestion Deer in
conditions ability to assimilate animals indigestible for monogastrics animal cellulose
and hemicellulose, and rumen in a microflora provides organism full-fledged protein
and vitamins group B [4].

The main ones limiting parameters of the diet deer is content protein, energy,
and also Calcium and Phosphorus. When feeding deer, the animal's body should
receive at least 3 liters of water per 1 kg of dry matter. Water is especially necessary
for young animals, pregnant females, as well as males in period intensive growth of
horns [5].

In the city digestible protein in diets of deer is not the same and depends from
many factors. For maintenance life activities of the body of the red deer in the
conditions aviary (farm) 6-8 % crude protein per 1 kg of dry matter is enough feed
substances. However, to provide high productivity of animals this the indicator is
significant higher - 14-22% protein per 1 kg of dry matter feed substances. With the
content of digestible protein in the deer diet in the amount of 5-6% by mass bodies
animals during the first year of life is growing only for 10-15 kg, if there is 10%
protein the increase is 25 kg, and 13 - 16% - 50 kg [4].

In the conditions of farms and aviaries farms deer kept on exclusively pasture
fodder, exclusively on grain and legume concentrates or for use pasture with feeding
grains mixtures - depending on production purpose. The best pasture for deer is
considered herbaceous in the period of young growth deciduous plants, as well as
plants late vegetation before the beginning of flowering . Energetically, such a
pasture can provide contents exchange energy more than 10.5 MJME per 1 kg of dry
matter substances. With increase maturity plants is happening quick decrease content
exchange energy that approaches 1 MJ OE per 1 kg of dry matter substances [6].

Thus, the development of scientific and practical recommendations, measures
and elements of the technology for improving summer pastures for deer is an actual
applied issue at the current stage of the formation of reindeer husbandry as an
industry in Ukraine.

On the first stage 1 improvement pastures are carried out preparatory works ,
namely: destruction available shrubs and small forests, leveling bushes. After
clearance conduct cultivation soil from application heavy disc harrows BDN-2,
mounted plow PLNS5-35, mounted cultivator, heavy them water supply smooth
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KGVN-1,6 rollers. Plowing conduct in the fall, on frost to a depth of 25-27 cm with a
plow foreskin. In the spring are closing moisture harrowing in two tracks, carried out
cultivation and sowing of grasses with grain and grass seeder with mandatory rolling
before and after sowing [7].

When selecting grass mixtures, it is carried out taking into account the
characteristics of the soil, seasonal phenomena in the life of deer throughout the year,
taking into account gender and age. The greatest need of females in feed is observed
during the summer solstice, the smallest - during the winter solstice. Males consume
the least feed during the rutting period [8,9].

To provide deer with highly nutritious forage in Canada (Pasture and Forages
for Wapiti) to create cultural pasture practice the use of highly productive legumes
and cereals herb mixture on the basis of alfalfa [7].

Cereal plants easier adapt to adverse conditions ( e.g. sour soils ), so they are
faster develop and prevail in grass stands. If environment favorable for legumes
perennial herbs, then by selection cereals, use and application of fertilizers you can
regulate the balance of the species composition of the grass stand [10]. In the
selection of legumes and cereals herbal mixtures it is important that legumes
perennial grasses provided high yield in mixed herbaceous and cereal components,
contributing formation elastic turf and feed balance, did not suppress them.
Therefore, for promotion productivity and improvement feed quality of leguminous-
cereal herbage during grazing using above all need select legumes component
mixtures [7].

Cereals components must be presented different biological groups - non-dense
bush and rhizome species. In terms of Western Forests on medium-moist meadows
with mineral soils sow in a mixture Timothy meadowsweet (5-6 kg/ha), firewood
meadow grass (Festuca pratensis Huds., 7-8), buckwheat collective (Dactylis
glomerata L., 4-5), or stoker thornless (Bromus inermis Leyss., 6-8), fenugreek
perennial (Lolium perenne L., 4-5 kg/ha). On peat soils instead fenugreek perennial ,
which freezes, sow 3-4 kg/ha of kostyrica red (Festuca rubra L.) or thin-legged
meadowsweet ( Poa pratensis L.). On areas with frequent waterlogging sow grasses
that are resistant to excess moisturizing : foxtail meadow (Alopecurus pratensis L., 7-
8 kg/ha), warbler ordinary (canary) (5-6), firewood reed (Festuca arundinacea
Schreb., 6-8), thin legs swamp (Poa palustris L., 3-5), broom white (Agrostis
stolonifera L., 2-3 kg/ha). Such herbal mixtures able provide up to 7.8 t/ha dry
substances from by city of crude protein up to 10.57%. General crude protein yield is
0.61-0.82 t/ha [11].

Sowing herbal mixtures are carried out with grain and grass seeder in a spread-
line manner. Seed fenugreek perennial, wheatgrass national team, KoSice red they are
sown in rows through coulters to a depth of 0.5-1.5 cm, and legumes components and
timothy Luchnoi - spread over the surface from a smaller one seed box [7].

In a year sowing is not recommended graze grass resistant, if not used cover
culture. For spring coverless method of sowing in the case achievement altitude
plants 25-30 cm herbaceous they mow, thereby destroying the weeds as well.
Considering low level software soil nutritious elements to receive highly productive
pasture entry is mandatory mineral fertilizers. Before sowing it is recommended to
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introduce perennial herbs mineral fertilizers in a dose of N g9 P 0 K 9o [11].

In autumn make phosphorous and potassium fertilizers in a dose of P 49 K 99 and
feed cereal grasses with nitrogen in the spring at a dose of N ¢ kg/ha active
substances. Spring introduction are divided into two stages: at least 60% of the norm
of fertilizers are applied before the start of active growth and development of the
grass stand (immediately after restoration vegetation), and the rest - after the first
pasture cycle use The best way to use a grass stand is small-scale grazing for which
animals stay in one pen for 1-2 days, as well as portioned when they are in one area
are no more than 3 - 4 hours. Maximum effect from portioned grazing is achieved
after weeding of overgrown grass ( more than 30 cm). Grassland grazing is advisable
start after his achievement of the pasture maturity, i.e. for a height of 15-25 cm,
moreover digestion start from those paddocks in the grass whose prevail early
ripening species cereal grasses [7].

The second cycle is advisable start after 20-25 days from the beginning of the
first Detachments which the animals did not make it fall out to the beginning earing
cereal grasses, mowed for harvesting fodder for the winter. For pasture period carry
out up to 4-5 cycles digestion.

Period between with two cycles of digesting leguminous and cereal grasses can
change in spring within 20-25 days, in the middle summer - 30-35 days, in autumn -
45-50 days. Grazing of animals was organized in such a way that the beginning of
calving each year began with different ones squads variable hay-pasture using
increases viability plants and productivity pasture [7].

Conclusions .

Thus, the creation of fodder fields and pastures using mixtures of perennial
grasses for deer is an integral part of the system of biotechnical measures. Improving
the system of reindeer feeding by improving the natural fodder base contributes to
solving a number of economic issues related to livestock management, preservation
of the composition and structure of phytocenoses, and prevention of animal
migration.

The organization of farms specialized in keeping and breeding deer is possible
in territories that are not used in traditional agriculture. For tinning it is advisable to
use pastures for deer located on moderately moist soils a mixture of from timothy
meadowsweet (Phleum pratense L.), wheatgrass collective (Dactylis glomerata L.),
fenugreek perennial (Lolium perenne L.), cornflower (Lotus corniculatus L.) and
clovers hybrid (Trifolium hybridum L.) .
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Anomauin. Onensapcmeo 6 Yrpaini Habysae nowiupents i popmyemocs K HOBUL HANPIMOK 8
eanysi meapunHuymea. Po3eedenns ma ympumants meapur 6 yMoeax (epmepcbKux 20cnooapcme
nompeobye po3pooKu ma 8npPoBAONCEHHS CYUACHUX NIOX00i8 00 cucmemu YMpUuManHs, Kpumepiie
000pobymy  meapuH, YOOCKOHANEeHHS cucmemu 200i6ni  (nid2odiéni), MOHIMOpuHey ma
npoghinakmuku 3axeopiosarsv. lIpoananizosano HAyKosi 0xcepena aimepamypu, sKi MiCmMsamv OaHi
00CNIOMNHCEHb  BIMYUSHAHUX BUYEHUX 3 NUMAHbL 3a0e3neyenHs 0006pooymy onenis. Hasedeno
0COOIUBOCIN MPABLEHH MA eKON02li JHCUBIEeHHs. OaeHi8. Buceimieno mexnonociuni acnexmu
NOKpaweHHs nacoguwy OJis OJIeHI8 3 BUKOPUCTAHHAM CYMIUOK Oa2amopiunux mpas.

Knrouosi cnosa: mpasocymiwiku, oOMIiHHA eHepeis, nacosuuje, MUCIUBCbKE 20CNO0APCMBO,
OUKI KONUMHI.
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Introduction. This paper considered issue of the possibility of increasing the efficiency of the
extrusion equipment due to expanding the scope of its application, in particular, the production of
liquid and pasty feed mixtures. This is achieved by processing the grain component in an extruder
and then mixing it with liquid components using extrusion heat. This heat is not currently used in
production. During processing, it accumulates in the particles of the extrudate and is then lost to
the environment at the exit from it. It is proposed to use this heat in mixing to achieve sterilization
of all components of the mixture. The effectiveness of the proposed method investigated by
evaluating: the amino acid composition of the obtained mixtures, urease activity;, microbiological
indicator. The research conducted according to standard methods.

According to the results of research, the effectiveness of the proposed method has been
proven. In particular, this is confirmed by an increase in the amount of essential amino acids in the
paste when compared with granulated extrudate and untreated soy. It was proven that urease
activity in the paste decreased to 0.15 ApH, which is within the normal range. Data were obtained
on a slight increase in the microbiological index in the paste from 2 CFU to 14 CFU during
30 days of storage. The absence of enteropathogenic strains of E. coli, toxin-producing anaerobes
and Salmonella in the studied samples also indicates the sterilization of the mixture.

Therefore, the obtained data prove that the amount of heat accumulated during extrusion is
sufficient to achieve pasteurization of all components of the mixture. Obtained can be used in the
agricultural sector, in technologies for the production of pasty mixture and liquid feed.

Key words: extruder, mixing, pasteurization, mixture, amino acids.

Introduction.

The implementation of effective technologies for the production of high-quality
feed, which meet modern energy efficiency of requirements, always remains an
important direction in the development of this industry. An important step for this is
the use of high-temperature extrusion technologies. Because they do not require
significant energy consumption and allow obtaining high-quality products of various

composition and purpose. However, despite all the listed advantages of extrusion, the
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next stage, which involves mixing the extrudate with other components, remains a
difficult issue. This 1s due to the fact that feeds are mostly multi-component mixtures.
Each of the components has a different nature, properties and consistency. For
example, vegetable and animal fats, dry milk substitutes and vitamins are added to
the mixture. It is allowed to add liquid milk products or milk whey [1]. As a result,
the complexity of organizing the process of mixing such components can
significantly affect the quality of the feed and the duration of its storage. Therefore,
an important task is not only the choice of raw materials and processing technology,
but also the choice of mixing method. Since it should not have a negative effect on
the stability of the product during storage.

In the case when the amount of moisture in the feed is less than 40 %, then
technologies of vacuum spraying of components are used. The process is considered
effective because the extrudate has a porous structure that retains liquid well.
Traditionally, such technological schemes include the following stages: preparation
of components, dosing, grinding, conditioning, extrusion, drying, vacuum spraying,
cooling. Some stages and their sequence may change. Among the leaders of
technology “Buhler AG”, “Amandus Kahl”, “Pegasus Vacuum Coater”, “Rotospray”,
“Amandus Kahl”, “Ottevanger”.

Domestic manufacturers prefer technologies of mixing components in mixers.
Mostly they are of horizontal or vertical type, periodic or continuous action.

In the case when the concentration of liquid components exceeds 40 %, then
equipment such as mixers is used. However, a number of difficulties arise when using
them. Among the main ones is the appearance of stagnant zones during the mixing
process. Also, the manufacturer is often forced to use heating element systems and
complex piping systems to supply each component. All this significantly complicates
the production process. However, the main reason remains the need for significant
initial investments and the lack of qualified personnel [2]. Despite all these
difficulties, the latest data have shown that entrepreneurs are still switching to
technologies for the production of liquid feed. The main reason is that liquid feed is
closer to the physiological needs of animals and gives higher rates of weight gain
than dry food [3].

On the basis of the analysis, the authors proposed to obtain granular, pasty and
liquid multicomponent mixtures on the basis of one extruder. The peculiarity of the
proposed method is the implementation of the mixing process after the extruder. It
involves mixing the components at the exit from the extruder using the heat of
extrusion, which accumulates in the extrudate particles to achieve pasteurization of
the entire mixture. According to the authors, this approach will solve a number of
problems. In particular, on the basis of existing equipment with minimal investment
and without the involvement of additional personnel, expand the range of products. It
will also improve the quality and extend storage time of the product.

For the research, soybeans were used, which today is the main source of protein
in most feed products [4]. The following modes are recommended for heat treatment
of soybeans: temperature 135...140 C and moisture content — 12...14 % [5].

However, it is known that there is a negative effect of high temperatures on the
protein structure, in particular, on the composition of amino acids. The most
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thermolabile amino acid of these is lysine. Therefore, the evaluation parameter was
the composition of essential amino acids in the final product. Since the product
involves long-term storage, the evaluation parameter was the determination of the
dynamics of the microbiological indicator during its storage.

To determine the effectiveness of the proposed method, a number of tasks were
formulated. These included studying the effect of the heat used to pasteurize the
components on: the composition of essential amino acids; microbiological index;
indicator of urease activity. For control, the data obtained were compared with
samples of extruded and untreated soybeans.

Materials and methods.

For the experiments, soybeans with an initial moisture content of 5 % were used.

The experiments were carried out on a laboratory bench, the scheme of which is
shown in Fig.1. It consisted of a grain humidifier 1, an extruder 2, a specially
designed device 3 for mixing components. According to the experimental method,
soybeans were pre-moistened to 13...14 % in humidifier 1. Then the moistened
soybeans were processed in extruder 2, where they were crushed under conditions of
high temperatures. The temperature reached maximum values of 135...140° C in the
die zone, i. e. before exiting the extruder. Mixing of hot extrudate particles with liquid
components occurred at the outlet of the extruder without contact with the medium in
device 3.

The object of research — soybean extrudate; pasty feed mixture (50%),
including extruded soybeans, water, liquid phosphate concentrate; control sample of
mechanically crushed soybeans

|

Figure 1 — Experimental stand
1 — grain moistening device; 2 — extruder; 3 — device for mixing extrudate with liquid
components

The evaluation of the efficiency of soybean processing in the extruder carried
out by determining the activity of the wurease enzyme accordance with
DSTU 8365:2015. The analysis performed for soybean extrudate and pasty feed
mixture. The composition of essential amino acids determined by ion-exchange liquid
column chromatography using an automatic amino acid analyser. Determination of
microbiological parameters carried out according to DSTU EN 12824:2004.

Results.

The urease activity determined in the samples after processing in the extruder
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and in the samples of the pasty feed mixture (Table 1). The results showed a decrease
in values to normal with a permissible limit of 0.3 pH units. That is, the processing
conditions in the extruder ensure the inactivation of anti-nutrients. The proposed
mixing method does not create a negative impact.

Table 1 - Physicochemical parameters of soybean and pasty feed mixture

Research Result
Parameter Pasty mixture Soybean extrudate
Mass fraction of moisture, % 50,87 8,5
Urease activity, A pH 0,15 0,12

Analysis of essential amino acids allowed to identify and quantify the
composition of 9 amino acids. In particular, lysine, threonine, valine, methionine,
leucine, isoleucine, phenylalanine, arginine, histidine, which is illustrated in Figure 2.

Comparison of unprocessed soybeans with samples after extruder processing
and paste showed that the composition of essential amino acids is fully preserved. At
the same time, some amino acids showed some growth. In particular, the amount of
histidine in the paste and extrudate samples increased by 10.3 %, threonine in the
paste by 10.0 % and 7.2 % in the extrudate. The amount of lysine also increased by
8.2 % in the paste and by 6.6 % in the extrudate, which is the most thermolabile
amino acid. The amount of methionine in the paste increased by 7.3 %, while it
remained unchanged for the extrudate. To a lesser extent, the share of isoleucine
increased by 6.2 % in the paste and 4.0 % in the extrudate, as well as leucine by
2.7 % in the paste and almost unchanged by 0.9 % in the extrudate.

The data on changes in the amount of arginine, valine, and phenylalanine were
analysed. The results indicate that the combined effect of the high temperature in the
extruder and the mixing conditions at the outlet do not have a significant impact on
the amount of these amino acids.

That is, the obtained results indicate that the complex effect of high temperature
in the extruder, as well as the conditions for mixing the components at the exit from
the extruder, do not create a noticeable effect on the amount of arginine, valine and
phenylalanine, the concentration of which in the paste and extrudate samples has not
changed. Their concentration in the paste and extrudate samples did not change.

The analysis of the microbiological indicator showed a slight increase for paste
samples from 2 CFU to 5 CFU in the first day and up to 14 CFU within 30 days of
storage. Comparison with samples of extruded soybeans also showed insignificant
dynamics, in particular, during the first day — 2 CFU and less than 10 CFU during the
next 30 days of storage. The analysis revealed the absence of enteropathogenic strains
of Escherichia coli, toxin-producing anaerobes and salmonellae in all the samples
tested. That is, the presented results indicate the effectiveness of the proposed mixing
method. This means that the amount of heat released with the extrudate is sufficient
to sterilise all components and thus ensure long-term storage of the product for
another 30 days.
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Conclusion.

The effect of extrusion heat used for sterilisation of paste components on its
amino acid composition studied. The data obtained allowed us to identify 9 essential
amino acids. Their quantitative composition showed a 10.3 % increase of histidine in
the paste and extrudate samples, a 10.0 % increase of threonine in the paste and a
7.2 % increase in the extrudate. The amount of lysine increased by 8.2 % in the paste
samples and by 6.6 % in the extrudate. The study of the paste samples showed an
increase in the amount of methionine by 7.3 %, while this amount remained
unchanged for the extrudate. The data obtained showed a lesser increase in the
amount of isoleucine - by 6.2 % in the paste and by 4.0 % in the extrudate. The
amount of arginine, valine, phenylalanine in the paste and extrudate samples
remained unchanged. That is, the proposed method of mixing in combination with
extrusion processing allows to preserve, and in some respects improve the
composition of essential amino acids.

The study of urease activity in samples of pasty mixture showed a decrease in
the index to 0.15 ApH, which is within the normal range. For comparison, this
indicator determined in the extrudate to be 0.12 ApH.

The results of microbiological studies of pasty mixture showed a slight increase
from 2 CFU to 5 CFU in 1 day and up to 14 CFU after 30 days of storage. The
analysis revealed the absence of enteropathogenic strains of Escherichia coli, toxin-
producing anaerobes and salmonellae in all the samples tested.

Therefore, the expediency of using the proposed method of heat utilisation for
pasteurisation of all components of pasty mixture is substantiated. The data obtained
can be used in the production of pasty and liquid feeds.
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Anomauin. Y cmammi po3eisHymo MONCIUBICMb NiOGUWEHHS eheKmusHocmi pobomu
eKCmpY3itiHo020 00IAOHAHHA 34 PAXYHOK PO3UWIUPEHHs cghepu 1020 3ACmOCY8anHs, 30Kpemd,
BUPOOHUYMBA PIOKUX I NACMONOOIOHUX Kopmosux cymiutel. Lle docseaemuvces wiisixom o0O6poOKu
3epHOB020 KOMNOHEHMA 8 eKCmpyoepi 3 HACMYNHUM SMIULYBAHHAM 1020 3 PIOKUMU KOMNOHEHMAMU
npu 6UKOpUCMAHHI meniomu ekcmpysii. La menioma y eupobHuymei 3apas ne UKOPUCMO8YEMbCAL.
Bona nio uac ob6pobku akymynoemocs 6 yacmuHkax excmpyoamy i HA 6uxoli 3 HbO20 NOMIM
8MpPAYAEMbCS 8 HABKOIUWHE cepedosuuje. 3anponoHo8aHo ii UKOPUCMOBY8AMU NPU 3MIULY8AHHI
0Nl 00CsACHeHHs cmepunizayii  ycix KomMnowenmis cymiwi. Egexmuenicms 6ukopucmarHsi
3anponoOHO8AH020 CNOCOOY OO0CIONCYBANU ULIAXOM OYIHKU: CKAAODY AMIHOKUCIOM OMPUMAHUX
cymiweli;, aKmueHOCmi ypeasu, MIKpoOIioN02IuH020 NOKA3HUKA. []OCNiOJHCEeHH NPOBOOUNUCHL 3d
cmanoapmuumu  memoouxkamu. Ilo  pezyrbmamam — ananizy — 008e0eHO  ehekmusHicmy
NPONOHOBAHO20  Cchnocoby. 30Kpema, NIOMBEPONCeHO  3POCMAHHA — KIIbKOCMI  He3AMIHHUX
AMIHOKUCTIOM ) NACMI NOPIGHAHO 3 2PAHYILOBAHUM eKCmPYOamom ma co€i. J[06e0eH0 3HUINCEeHHs
akmusHocmi ypeaszu ¢ nacmi 0o 0,15 ApH, wo 6 mexcax nopmu. Ompumano 0aui npo He3HAYHUL
picm mikpobionociunoeo noxazuuxa ¢ nacmi 3 2 KYO oo 14 KYO npomseom 30 0i6 36epicanns.
Bcmanosneno gi0CymHicmy EeHMepPonamo2eHHUux wmamis KUUWKOBOT nanuyKy,
MOKCUHOYMBOPIOIYUX AHAEPODI8 I CATbMOHEN, WO MedC CEIOYUMb NPO O0CACHEeHH cmepunizayii
ycix komnonenmie cymiwi. Omoice ompumani O0ani 008005Mb, WO KLILKICMb Meniomu
AKYMYIbOBAHOI Ni0 yac ekcmpysii € 00Cmamuboi0 051 00CACHEHHs NACmepu3ayii ycix KOMNOHeHmis
cymiwi. Ompumani  0aHi  MONCYMb  3ACMOCOBYBAMUCL 68  MEXHON02IAX  BUPOOHUYMBA
0a2amoKoMNOHEHMHUX KOPMOBUX CYMILUEU.

Knrouogi cnoea: excmpyoep, smiuty8anus, nacmepusayis, cymiul, AMIHOKUCTIOMU.
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Anomauin. B mexnonozii eupowy8anus OypsKi@ KOPMOBUX BAJICIUB020 3HAUEHHS 68i0iepae
KOMNIIEKC a2pOmMexXHIYHUX 3axo0is, sAKuli 3abe3neuyc I[HMEHCUBHEe HAKONUYEHHS OpP2aHIYHOL
PeuosunU i wWeUuoKe HaApOCMAaHHA NIOWi TUCMKOBOI nogepxHi. Baowcnugy ponw sidiepac couauna
padiayis, AKa GUKOPUCIOBYEMbC POCIUHAMU OVPAKIE KOPMOBUX 8 JimHill nepiod. B ymosax
IIpasobepescrnozo Jlicocmeny Yxpainu Haubinbwl IHMEHCUBHO ye NPOXOOUmsb Gnpooosic (as
VMBOpEeHHs Opy20oi napu CHPAXHCHIX TUCMKIE, 3MUKAHHA MA POSMUKAHHS POCIUH Y PAOK)Y MAKOHC
BAJNCIUBUM eJIeMEHMOM 8 MEXHOI02II € cucmema yO00OpeHHs, KA 3a0e3neuye poCIuHy elemMeHmamu
KOPEHeB020 HCUBTICHHS, d MAKONC HAOXOONMCEHHS 3 NOGIMps uepe3 OI0N02IUHY aKMUBHICMb [PYHIY
00CmMamubOi KilbKOCMI 8Y2/IeKUCIOMU.

Ceped acpomexHiyHUX 3ax00i8 01 POCIUH OYPAKIE KOPMOBUX € NIOWA IHCUBNEHHS, KA
enausac Ha pobomy Gomocunmemuyroi OisIbHOCMI, | Ma€e OymMu ONMUMATLHONW, MOOL AK Npu
3a2yueHux nocieax HepayioHAIbHO GUKOPUCTNOBYEMBC (HOMOCUHMEMUYHUL anapam 3d pPaxyHox
63AEMHO20 3AMIHEHHs JUCMKIB, WO NO2IPUYE aepayiro Nocigis, CHOBLIbHIOEMbCS OOCMYN
gyenexucnozo 2azy (COz) 00 1ucmroBoi nosepxHi pociuH.

Onmumanvhe O0CBIMIEHHSA POCIUH OYPAKIB KOPMOBUX € He0OXIOHOW YMOB80I pocmy i
PO3BUMKY MA PenpoOYKMUBHUX OP2AHI8, OCKINbKU JUCHKU 00EPIHCYIOMb MAKCUMATbHY KIIbKICMb
C8im1060i enepeii i 3ab6e3neuyioms ix 000amKose YMPUMAHHI, 30LIbUWYIOYU YUM 3A2ATbHY NA0ULY
JUCMKO0B0I macu. 3a80sKU YbOMYy 6 NOCIBAX KOPMOBUX OVPAKIE Yy a3y pO3MUKAHHA pPAOKIG
iHmeHncuenicms  ghomocunmesy noHudcyemvcs. Tomy, 6paxoeyiouu 0ionociuHi  0cooaUBOCmi
KyIbmypu 00CaiOHUx copmie 6npooosac 2022-2024 pp. nposoounu nonvosi O0CHIONCEHHS 3
8UBUEHHSI (homocuHmemuyHoi OisinbHOCmi  pocaun  Oypaxie kopmosux. Hatleasciugiwumu
NOKA3HUKAMU (POMOCUHMEMUYHOI OIIbHOCMI POCIUH, WO 8USHAYAIOMb 8 KIHYEe8oM) pe3yabmami
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npoOOYKMuUBHicms nocieie, € niowa aucmrkogoi nosepxui (I1J1), pomocunmemuunuii nomenyian

(DI1), yucma npodykmuenicmes pomocunme3sy (4I1®D) ma tioeco cocnodapcvka egheKmuHicme.
Knrouoei cnosea: Oypsku Kopmogi, niowa JAUCMKOBOI NOBEPXHI, (DOMOCUHMEMUYHUL

nomenyian, eecemayiinull nepioo, Yucma npooyKMmMuUHIiCMb, CyXa pedosund, MexHiyHa cmuiicme.

Berym.

B TexHonorii BupolryBaHHs OypsiKiB KOPMOBHUX BaXKJIMBOTO 3HAYEHHS BIITpae
KOMILJIEKC arpoTeXHIYHUX 3aXOAlB, SKHM 3a0e3leuye IHTEHCHBHE HAKOMUYECHHS
OpraHiYHOi PEUYOBHMHHM 1 IIBUJKE HAPOCTAHHSI ILJIOINI JUCTKOBOI MOBEpXHi. BaxkauBy
poOJIb BIJIIPA€ COHSIYHA pajiallis, SKa BUKOPUCTOBYETHCS POCIMHAMU OYypSKiB
KOpMOBUX B JiTHIN mepiof [4, 7]. B ymoBax [IpaBobepexunoro Jlicocreny Ykpainu
HaWOLIbII 1HTEHCUBHO 1€ TPOXOJIUTHh BNPOAOBXK (a3 yTBOpPEeHHS MApPYyroi mnapu
CHPAaBXXHIX JIMCTKIB, 3MUKAaHHS Ta PO3MHKAHHS POCIUH y PAAKY TaKOX BaKIIMBUM
€JIEMEHTOM B TEXHOJIOT1I € cucTteMa yAoOpeHHs, sKa 3a0e3lneuye pPOCIUHU
€JIEeMEHTAaMU KOPEHEBOTO JKHMBJICHHS, a TaKOXX HAQJAXOIKEHHS 3 TIOBITpS depes
010JI0T1YHY aKTUBHICTh IPYHTY JOCTaTHHOI KITBKOCTI BYTJIEKHCIIOTH [2, 5].

Cepen arpoTeXHIYHHUX 3aXOMIB JJIsi POCIMH OypsAKiB KOPMOBUX € IUIOHIA
KUBJICHHS, fIKa BIUIMBa€ Ha POOOTY (POTOCHMHTETUYHOI MISUIBHOCTI, 1 Mae OyTH
ONTUMAJIBHOIO, TO/1 K TMpPH 3arylIeHUX MOCIBaX HEPaI[iOHAIbHO BUKOPUCTOBYETHCS
(OTOCHUHTETHUYHHUI arapaT 3a paxyHOK B3a€EMHOT'O 3aTIHEHHS JIMCTKIB, IO MOTIPIIYE
aepalliro MociBiB, CMOBUIBHIOETHCS AOCTYN Byriekucioro razy (CO,) mo JIucTKoBOi
MOBEpXHi pociiuH [1, 6].

OnTuManbHe OCBITJICHHSI POCIUH OypsIKIB KOPMOBHUX € HEOOXIIHOIO YMOBOIO
pOCTy 1 PO3BUTKY Ta PENPOAYKTUBHUX OPraHiB, OCKUIbKH JIMCTKH OJEPKYIOTh
MaKCHUMaJbHY KUIbKICTh CBITJIOBOI €HEprii 1 3a0e3MeuyIoTh iX J0JaTKOBE YTPUMaHHS,
30UIBIIYIOYM IIUM 3arajbHy IUIOIIY JIMCTKOBOiI MacH. 3aBISKH I[bOMY B IOCIBax
KOpMOBUX OypsikiB y a3y pO3MHUKaHHSA PpAOKIB IHTEHCHUBHICTh (DOTOCHUHTE3Y
MOHMXKYEThCA. ToMy, BpaxoByroud O10JOTIYHI OCOOJMBOCTI KYJBTYPH JOCIITHUX
copTiB BIpojoBxk 2022-2024 pp. ONpoOBOJUIM MOJBOBI JOCHIKCHHS 3 BUBUCHHS
(GOTOCUHTETHYHOI AISUIBHOCTI pOCIMH OypsikiB  KOopMOBHUX. HaliBaknuBimmmu
MOKa3HUKaMHU (POTOCMHTETHUYHOI AISUIBHOCTI POCIHWH, 110 BU3HAYAIOTh B KIHIIEBOMY
pe3ynbTaTi MNPOAYKTUBHICTh TMOCIBIB, € IUIomia JiMcTkoBoi mnoBepxHi (ILJI),
dotocunternunuii norenmian (POIT), uncra npogykTuBHicTh poTocuntesy (UIID) ta
Horo rocrogapchka epeKTUBHICTH [3, §].

MeTtoauka mnpoBefeHHsI AOCTiAAKeHb. J(OCIITKEHHS MPOBOAWIN BIPOAOBK
2022-2024 pp. Ha aunsHKax gocmigHoro mons rpynu kommaHii VITAGRO, sxe
po3mimeno c. KpukiB Kam’suens-Iloginbcbkoro paitony XMenbHUIBKOI 00JIACTI.
I'pyHT mochigHOl AUISHKMA, 3a JaHUMH  €KOJIOT0-arpoXiMIYHOrO  IacropTa
rocrnojapcTBa — YOPHO3E€M BWIYTYBaHUM, Majo TyMyCHUM, Ha KapOOHaTHUX
JIECOBUIHUX CYTJIMHKAX, SIKI OLIHIOIOTHCS 3a arpoxiMidyHOIO OIiHKOI B 35 Oani. B
IPYHTI HE€ BUSBIECHO 3a0pyAHEHHS BaXKUMHM MeETajaMH, paJIOHYyKIIJaMu Ta
NECTUINIaMHU, XapaKTePU3YEThCSI BUCOKUM 3a0€3MEYEHHSIM TPOAYKTUBHOI BOJIOTH,
MOMIPHOIO 3a0€3MEeYEHICTI0O OCHOBHUMH €JI€MEHTaMU KUBJICHHS, MIKpOEIeMEHTaMH,
COPUATIUBUMH (P13UKO-XIMIYHUMH BIIACTUBOCTSIMH.

CopTOBUBYEHHS BUKOHYBAJM  BIANOBIAHO 10 «METOAMKH  3€pHOBOTO
COPTOBHMPOOYBAaHHS CITBCHKOTOCTIOAPCHKUX KYJIBTYyp» METOIUKUA TPOBEICHHS
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AOCHI/DKEHh 3 KOPMOBUPOOHMIITBA Ta METOJMKH aHalily B arpoHomii Ta
arpoeKoJIorii.

[Tnonty nuctkoBoi (I1JI) moBepxHi BU3HAYAIU METOJOM «BUCIUOK)», OMUCAHUM
3.M. TI'punaeaxo Ta iH. (2003) 3 moganbmUM pO3paxyHKOM 3a (opmysow: S =
(K*Y)*P/B. Uucty npoaykTuBHICTh (porocuHTe3dy (UIID) BH3Hayaiu mepioguyHO
[IUISIXOM Bi10OOpY MpoO POCIHH, Y SKUX BHU3HAYAIM 3arajlbHy Macy, OKPeMO Macy
JUCTKIB: KOPEHEIIOAIB, TI0ILy JucTKoBO1 moBepxHi ( UIID = M,-M,/0,5 * (IJI; +
H.Hz) * n).

®otocunrernunuit nmoreniian (PII) 3a gopmynoro: OII = JI; + JI/ 2*1000
BU3HAYMJIU ILJIOIY JINCTKOBOI MMOBEPXHI1 Y NEBHI (a3u po3BUTKY pociuH (J1, JI).

Pe3ybTaTH eKcnepMMEHTAIbHMX AOCTiIKeHb. [IpOTyKTUBHICTE PO3BUTKY
pociiH OypsIKIB KOPMOBHUX 3aJIe’KUTh BiJl 30UIbIICHHS ACUMUISAIINHOI MOBEPXHI B
nepiol (POTOCHHTETHYHOT MisUTBHOCTI JIMCTKIB, 110 B3a€EMHO TIOB’SI3aHO 3 aKTUBHHUM
dbopMmyBaHHSIM KOpeHemoAiB. [Ipyu 1IbOMYy CTBOPIOIOTHCS YMOBHU i 1HTEHCHUBHOL
JISTIBHOCTI  (POTOCHHTE3Y, 110 B TMOAAIBIIOMY BH3HAua€ BEJIUYMHY BpOXKalo.
OnTuManbHa BEJIMYMHA JIMCTKOBOI IOBEPXHI TMOBUHHA OYyTH JOCATHYTa [0
3aKIHYEHHS  BEreTaulifHoOro mepioAy, 1 TO0YaTKy MacoBOro  (opMyBaHHS
KopeHeroiB. [Ipu iHTeHCUBHOMY PO3BUTKY (DOTOCHMHTETUYHOI MOBEPXHI POCIHH, B
pe3yJbTaTI YOro CIIOCTEPIraeThesl B3a€EMHE 3aKIHUYEHHS YACTUHU JIUCTKIB B HIDKHBOMY
Apyci, BOHHM JKOBTIIOTh, MIJCUXAalOTh, MNPU I[OMY AaCUMUIALIAHA TOBEPXHS
3MEHIIY€ETHCS, 1110 MOXKE MPU3BOJUTH 10 TOHM>KEHHS BPOKALO.

PesynbpTatn ekciepuMeHTAIBHUX JOCIIKEHb CBiI4aTh, 10 JIUCTKOBA MOBEPXHS
3 pO3paxyHKy Ha OJUHUIIIO ILJIOINII B MOYATKOBI ()a3u POCTYy POCIMH MK COPTaMH
MaibKe He BiIpi3HATHCS, a 1i moKasHuky Oyau B Mexax 1,49-1,76 tuc. M*/ra (Tabm. 1).

Taoauus 1 - Ilioma JUCTKOBOI MOBEPXHI POCJINH OYPSKIB KOPMOBHUX 3aJ1€5KHO
Bix copry, THC. M*/ra (cepeane 3a 2022-2024 pp.)

@da3a po3BUTKY
Coprt YT1BOopeHHs 2-0i | 3MUKaHHS JUCTKIB | TeXHIYHA CTUTIIICTh
napu JIMCTKIB Y PAAKY KOPEHETUIO B
AJipa (KOHTPOJIb) 1,51 61,9 24,3
Pexopna Ilomi Bic 1,76 68.4 26,7
Arpo-Ilomi 1,68 53,4 22.8
Kamon 1,28 45,8 21,7
Mapima 1,50 56,7 21,9
Cnasis 1,49 58,9 22,5
Crapmon 1,62 60,1 26,1
OnpXxuy 1,71 61,2 26,0

Sk cBimuaTh pe3yabTaTH JOCTIKEHb, 0 TEMITH HAPOCTAHHS TUIOII JIUCTKOBOI
MOBEPXHI POCIMHAMH PI3HUX COPTIB OYpsIKIB KOPMOBHX BIIPOOBXK MEPIOy BEreTailii
JIeUI0 BIIPI3HSUIMCS MOKa3HUKAMU TUIONII JIMCTKOBOI nmoBepxHi. Tak, y a3y 3MukanHs
PSIKIB POCIIMH 3 HAaWBUIUMHU MTOKa3HUKaMU OTpUMaHo y coprtiB: Pexopn Ilomi bic —
68,4 tuc. m*ra; Agpa — 61,9; Ombxuu — 61,2 tmc. m*ra; Crapmon — 60,2,
BIAMOBIAHO. Jlemo HMX4i 3a MOKa3HWKAMM JIMCTKOBOI MOBEPXHI POCIUH OYpsKiB
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KOpPMOBHMX 3aiiMaiu coptu: Cnasis — 58,9 tuc. M?/ra; Mapima — 56,7 tuc. m?/ra.

Jlns BU3HAYEHHS BPOYKAMHOCTI IMOCIBIB Ta OIIHKH TMPOAYKTUBHOCTI OYpSIKiB
KOPMOBHUX € TIOKa3HHWKH CyMapHOI TUIOINIl JTMCTKOBOI MOBEPXHI POCIMH BIIPOJOBXK
YChOTO BETETAIIHHOTO Tepio1y, IKU BU3HAYAETHCSA (POTOCMHTETUYHUM MOTEHIIAIOM
1 BUMIPIOETHCSI CYMOIO IIOJO00OBUX ITOKAa3HUKIB IUIOLII JMCTKOBOI TOBEPXHI Ha
reKTap.

PesynpTarammu OCHITKEHh BCTAHOBJICHO, IO (DOTOCHHTETHUYHUN TMOTEHIIIa

pPOCIMH y COpPTIB OypsKIB KOPMOBHX (POPMYETHCS IUIOMICIO JHCTKOBOI MOBEPXHI
(Tabm. 2).

Tadoanusa 2 - ®OTOCHHTETUYHHUI MOTEHLiaJ POCJNH OYPAKIB KOPMOBHX 32J1€5KHO
Bia copry, MuIH. M X 1i6/ra (cepeane 3a 2022-2024 pp.)

Copt da3u pO3BUTKY
YTBOpeHHs 2-0i1 | 3MUKaHHS JIUCTKIB Texniuna
napu JIMCTKIB Y PAAKY CTIMKICTb
AJipa (KOHTPOJIb) 0,026 1,836 2,867
Pexopn Ilomi bic 0,035 2,234 3,233
Arpo-Ilom 0,029 1,723 2,329
Kamon 0,021 1,631 2,400
Mapima 0,028 1,932 2,866
Cnagis 0,024 1,700 2,499
CrapMoH 0,028 1,837 2,999
Onpxuy 0,033 1,906 2,010

SIK cBim4aTh pe3yNbTaTH JIOCHIIKEHb, [0 B CEPEIHHOMY 32 POKU TOKA3HUKU
(OTOCHUHTETHYHOTO MOTEHITIATy 3pOCTAIOTh Bl (ha3u 3 SBICHHS CXOJIB 10 3MUKAHHS
POCIIMH y PSAKY 0 TEXHIYHOI CTIMKOCTI KOpEHEIIoAiB. MakcumanbHl MOKa3HUKU
(OTOCHHTETHYHOTO TOTEHLIady CQOPMYBAaIUCh B MEPiOJ TEXHIUYHOI CTHUTIIOCTI
KOPEHEILIOAIB CTaHOBMIM — 3,233 muH. M? X ni6/ra y copry Pexopn Ilom Bic,
npomixkHe Mmicie 3aiimarorh coptu: CtapmoH — 2,999; Anpa — 2,867 1 Mapima —
2,866 MiH. M? X 116/ra. TakuM YMHOM CJIiJ BIAMITHTH, IO L€l TOKA3HUK B OUIBIIOCTI
3ajiexaTh BiJ MPOJIOBKEHOCTI mepiony ¢a3 pocTy 1 PO3BUTKY POCIUH, TAaKOX
COpPTOBUX OCOOJIMBOCTEN KYJIBTYPH.

3pocTaHHsl TUIOLIlI JIMCTKOBOI TOBEPXHI HAa OAWHUIIO JUISHKA TO3UTHBHO
BIUIMBA€ HA IHTEHCHUBHICTh MPOLECIB (OTOCHUHTETUYHOI MPOAYKTHBHOCTI COPTIB
OypsikiB KopMoBHUX. J[oBelleHO, 1110 JUIsl KOXKHOTO COPTY ICHYIOThH MEBHI ONTHUMAaJIbHI
MeX1 BEJTUYMHU MOKAa3HUKIB IUIOHI JIMCTKOBOI MOBEPXHI Ta (POTOCHHTETUYHOTO
noteHmiany (®II). IligBumeHHs BETWYMHU IMX MOKA3HUKIB y MeXaX ONTUMYyMY
MPU3BOAUTL 1O 30UIBIICHHS ITOKAa3HUKIB YHUCTOI MPOJYKTHUBHOCTI (POTOCHHTE3Y
(UIdD). Meska muiori TUCTKOBOT MOBEPXHI Ta POTOCHHTETUIHOTO MOTEHITIATy MalOTh
pi3HI TIOKa3HHMKHU, $IKI OOYMOBIIOIOTHCS 3MEHIICHHSIM YHCTOI MPOIYKTUBHOCTI
dboTocuHTERY.

BcranoBieHo, 1110 B cepelHbOMY 3a POKH JOCITIIKEHb MaKCUMAaJIbHI TOKa3HUKU
yucTOi MpOAYyKTUBHOCTI (porocuntedy (UIID) y pociuH OypsakiB KOPMOBHUX
cranosuian 7,21-6,05 r/m? 3a 100y y dasi 3MukaHHs psakis (Tadi. 3).
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Tabauus 3 - Yucra npoAyKTUBHICTH OTOCHHTE3Y pPOCJMH OypsAKIB KOPMOBHX
3aJI€KHO BiJ copry, r/m” 3a 100y (cepeane 3a 2022-2024 pp.)

Coprt da3u pO3BUTKY
3MUKaHHS pOCIUH PSAKY TexHi4uHA CTUTIICTH
Agipa (KOHTpPOJIb) 6,78 3,74
Pexopp ITomi bic 7,21 3,85
Arpo-Ilomi 6,63 3,55
Kamon 6,05 3,59
Mapimia 5,99 3,44
CnaBis 6,78 3,67
CrapMoH 6,90 3,60
Onpxnuy 6,88 3,83

Sk BCTaHOBJICHO pe3yJbTaTaMU OCHTIPKEHb HAWBUIUN TMOKA3HUK YHCTOI
MPOAYKTUBHOCTI ()OTOCUHTE3Y Y (Da3y 3MUKaHHS PAIKIB BiAMIYeHO y copTy Pekopn
IToni Bic — 7,21 r/m? 3a 100y, Takox y copry CtapMoH — 6,90 i Onbxuy — 6,88 r/m>
3a 100y. 3 HaiiHmkK4YuUM nokazHukoM (UIID) Buninserscs copt Mapima — 5,99 1
XKamon — 6,05 r/m? 3a 106y BimnosimHo. B momansmomy i3 po3BUTKOM POCIHH Bif
da3u 3MUKaHHS A0 TEXHIYHOI CTUTJIOCTI TOKAa3HUKH TOHUXKYIOThCsA. [lporte, 3
IMIJIBUIIICHUMHU TMOKa3HUKaMH y (a3l TEXHIYHOI CTUTIIOCTI BUIAUIAIOTHCS copT Pexopn
ITomi Bic — 3,85 i Omexuu — 3,83 r/M? 3a 100y. AHAJIOTIUHO L€ CIIOCTEPIracThCs
MOKA3HUKU 1 3a IHITUMH COPTaMH, sIKI BABYAJIMCh Y HAIIUX JOCIIDKCHHSX 1 3aJIeyKaIu
B1Jl COPTOBUX OCOOJIMBOCTEH 1 epiony (a3 pocTy 1 pO3BUTKY POCIIHH.

@DOTOCHHTETUYHA AISUTHHICTH POCIMH OYpSKIB KOPMOBUX B TPOIECI POCTY i
PO3BUTKY POCIIMH CYITPOBOJIKYETHCS HAKOIMTUYCHHSIM CyXOi PEYOBHHH Y BETeTaTUBHIM
reHEpAaTUBHIN YaCTUHAX BIPOJOBXK OHTOTeHe3y. [IpoTe, IHNTeHCHUBHICTh HAKOITMYCHHS
CyXOl PEYOBMHHM DPOCIMHAMHU TICHO IOB’s3aHa 3 MOTOJHO-KJIIMAaTUYHUMHU YMOBaMHU
BEreTaliiHoro nepioay i copramu. HakonuueHHs cyXxoi pedOBHHHM KOPEHEII0JaMH 1
BETETATUBHOIO MAaCOI0 CIIOCTEPIraeThcsi NMEBHA 3aKOHOMIPHICTh. B mepioa Bij ciBOM
10 a3y yTBOPEHHS JABOX CIPABXKHIX JIMCTKIB, YC1 MJIACTUYHI peYOBUHU (DOTOCUHTEZY
BUTpAYalOThCd Ha (OPMYBaHHS JHUCTKIB. 3 HACTaHHSIM Tmepiony ¢a3u 3MHUKaHHS
PSAIKIB, BEr€TaTUBHUM PICT JIMCTKIB 3HAYHO TMOHMXKYETHCS 1 KUIBKICTH MacH CyXOi
PEUOBUHU ICTOTHO MIABUIIYETHCS 32 PaXyHOK MPOIYKTUBHUX OPraHiB KOPEHEIUIOIIB.
HakonunueHHs cyXxoi pEeYOBHMHHU BIIPOJIOBXK BETETAIITHOTO MEpioAy BU3HAYAETHCS
OlosioriyHUMU OCOOJMBOCTSIMU copTiB. Ha mowaTky pocTy 1 pPO3BUTKY POCIHH
HAKOMWYEHHs O10JIOTTYHOI Macu BiIOYBA€ThCA IMOCTYNMOBO, B TMOMAIBIIOMY 13
PO3BUTKOM HAKONWYEHHS 1 MNPOXOAWTh IHTEHCHMBHO 1 HAIMpPUKIHIN Bererarii
CHIOBUTHHIOETHCHAL.

OTtpumani pe3yiabTaTH JOCIIKEHb MiITBEPKYIOTh, III0 Y MOYAaTKOBUN MEPioj
BereTalli NpUPICT CyX0i PEUOBUHU COPTIB OYPSKIB KOPMOBUX Mai’ke HE 3MIHIOETHCS
(Tabm. 4).

AHani3youd MOKa3HUKW HArpoMa/KEHHsS CyXOi PEYOBHH Yy JIMCTKaxX OypsKiB
KOPMOBHX B IIPOIECI POCTY POCIIMH 1 30UIBIICHHS JIMCTKOBOI ITOBEPXHI OloJIoriyHA
Maca y BCiX COPTIB /10 (ha3u TeXHIYHO1 CTUTJIOCT1 M1BUIIYETHCS.
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Tabauus 4 - Bnuime copTy Ha HATPOMAaKEHHS CYX0l PE4OBHHHM Yy JIMCTKAX
poc/iuH OypsiKiB KOPpMOBHMX, T/ra (cepenne 3a 2022-2024 pp.)

@da3a pO3BUTKY
Copt YTBOopeHHs 2-01 | 3MuUKaHHS JIUCTKIB | TexHIYHA CTUTIIICTD
napu JIMCTKIB y PAIKY KOPEHEIUIOIIB
Anpa (KOHTPOJIb) 0,021 2,32 3,23
Pexopn Ilomi bic 0,024 2,41 3,64
Arpo-Ilomi 0,021 2,10 2,32
Kamon 0,022 2,08 3,01
Mapia 0,024 2,28 2,77
Crnagis 0,023 2,30 2,64
CrapMon 0,021 2,31 2,76
Onpxuy 0,024 2,27 2,32

HarpomamxenHs cyxoi peYOBMHHM pPOCIMHAMU MAaKCUMAaJIbHOTO 3HAYCHHS
HaOyBae y (a3i TexHiuHoi cruriocti y copty Pekopn Iloni bic cknagae — 3,64 1/ra,
copty Anpa — 3,23 1/ra i Kamon — 3,01 1/ra. [IpomixkHe Mmicie 3aiiMaloTh COpPTHU:
Mapima — 2,77 m/ra, Crapmon — 2,76 1 CnaBis — 2,64 T/ra, 3 MiHIMaJbHUMU
nokazHukamu copty Arpo Ilomi 1 Oxexuu — 2,32 T1/ra BiamoBigHo. [loHM>XeHHS
MOKa3HUKA CyXOl PEYOBHMHU Y JIMCTKAX POCITUH OypsKiB KOPMOBHX MOXKHA MOSICHUTH
COPTOBUMH OCOOJIMBOCTSMH Ta TIOTOJHO-KIIMATUYHUMH yMOBaAaMU B POKH
MPOBEICHHS JIOCIIIKEHbD.

3a  MOp(OJOriYHMMHU  O3HAKAMHU  KOPEHEIUIOAIB  OypsiKiB  KOPMOBHX
XapaKTEPU3YEThCS 1X TOCMOAAPChKa IIHHICTD, sIKa BIJIMBAE HA SIKICHY OI[IHKY COPTY.
Mopdosioriyai  03HaKM BU3HAYAIOTHCS 32 (OPMOIO  KOPEHEIUIONY, Macolo,
3arauOJIeHHS y TPYHT. BUTBIIICTh WX MOKA3HUKIB BIAITPAIOTh BAXJIMBE 3HAYCHHS
JUTsI MEXaH130BaHOT'O BUPOILIYBaHHS 1 30MpaHHs Bpoxkaro. 3arjin0ieHHs] KOPEHEII0Ly
y TPYHT, € OJTHI€IO 13 03HAK COPTY 32 BUKOPHUCTAHHSIM JJISI MEXaH130BaHOTO 30MpaHHS,
0 € HaJA3BUYAHHO BAXKIMBHUM arpoOTEXHIYHUM 3aX0JIOM 1 3yMOBIIIOE TE€HOTHII
POCTINH, a TaKOX YMOBH iX POCTY Ta PO3BHTKY. TakoX BaXKIHBOIO MOPQOIOTIYHOO
OIIIHKOIO KOPEHEIJIOIB € (hopma.

OcHoBHI MOpP(}OJIOTIYHI O3HaKW KOPEHEIUIONIB OypsKiB KOPMOBHX B JAOCHiAIL
BH3Haua M y a3y TEXHIYHOI Ta Ha epiof 30upanHs Bpoxkaio (Tadm. 5).

AHamizyroud MOpPQOJOTiuyHI O3HAKH KOPEHEIUIOAIB OYypsKIiB KOPMOBHUX Y
TEXHIYHIM CTUTJIOCTI 3aJIKHO BIiJI COPTY BCTAHOBJICHO, 1O 3a (hOPMOIO NEpeBakae
nuniaapuuna (coptu — Anpa, Pexopa Ilom bic, XKXamon, Onbxuy), MoaoBKeHO-
KOHI4Ha 3 copTiB Mapima, Cnagist 1 CtapMoH, okpyriioto — Arpo Ilomi.

3 MiJIBUIIIEHOI0 MACOI0 KOPEHEIUIOIB Cepell COPTiB BUAUTIEThCS copT CnaBis —
8,2 KT 13 cepeanboro Macoro copt Arpo-ITomi — 6,3 kr, XKamon 1 Onbxuda — 6,0 kr. 3
MOHMKEHUM MOKAa3HUKOM Macu KOPEHEIIOAY BCTaHOBIIEHO Y copTy Mapima — 4,4 kr
1 Anpa — 4,2 xr.

BaxnBoio o3Hakoro AJisi OypsiKiB KOPMOBHUX € 3arjiMOJICHHS KOPEHEIIONy B
IPYHT, SKUH BiJlirpac BOJIOTE 3HAYCHHS I MeXaHi30BaHOTO 30upanHs. Cepen copTiB
13 3arnubseHuM KopeHerofgoM B IpyHT 60-70% BcranoBiieHo y copTiB Mapiiia,
Cnasis, CrapmoH. [3 3a0apBieHHAM MOBEPXHI KOPEHEIUIOAY OYpSKIB KOPMOBHX
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NepeBaKal0Th KOBTOTO KOJIBOPY, Yy COpTy Anpa — 61510T0 KOsbopy 1 copty Arpo-Ilomi
— YEpBOHOTO.

Taoamus S - MopgotoriuHi 03HaKM KOpeHeNJIOAIB OypsIKiB KOPMOBHX y
TeXHIYHI CTUIVIOCTI 32JI€5KHO BiJ COPTY

Coprt O3HaKu KOPEHETIONY
®opma Cepennst | 3arnubiienHst | 3abapBlieHHS
Mmaca, Kr y IPYHT, % MOBEPXHI
KOPEHEIIONY
Anpa (KOHTpOJIb) | MHJIIHAPUYHA 4,2 30-40 oie
Pexopna Ilomi bic | muningpuyHa 5,0 40-50 POKEBUHI
Arpo-Ilomi OKpyTJia 6,3 70-80 YepBOHUM
Kamon IUAJITHPUYHA 6,0 40-50 YKOBTUH
Mapimia IMOJIOBKEHO- 4.4 60-70 YKOBTUH
KOHIYHA
CnaBis IMOJIOBKEHO- 8,2 60-70 ’KOBTO-
KOHIYHA KOPUYHEBUI
CrapMmoH MOJIOBKEHO- 5,8 60-70 JKOBTUH
KOHIYHA
Onpxu4 IAJTIHJIPUYHA 6,0 40-50 JKOBTHM
BucHoBkwu.

BenuunHa muionyl JIMCTKOBOI MOBEPXHI Y MOYATKOBI (a3 pPOCTY 1 PO3BUTKY
pociuH  craHoBuaM 1,49-1,76 Tc. M?/ra. 3 NmiABUILEHUMH ITOKA3HUKAMH BiMi4EHO
y (a3l 3MUKaHHS POCIMH Yy PsaKy Bix 68,4 1o 45,8 tuc. m?/ra. Toxi, K IMOKa3HHUK
(OTOCHHTETHYHOTO MOTEHIIay POCIUH caMHil BUIIUI y (a3l TEeXHIYHOI CTIMKOCTI
KOPEHEIUIOIB 1 CTAaHOBHB B cepeaHboMy 3a coptamu Bijg 2,010 mo 3,233 muH. M? X
ni6/ra. IlokasHUK YKMCTOI MPOAYKTUBHOCTI (DOTOCHUHTE3Y POCIUH 3 BHCOKHUMH
MOKa3HUKaMHU BIAMIYEHO Y (a3l 3MUKaHHS 1 B CEPETHHOMY 3a COPTaMU CTAaHOBUTH BiJI
5,99 o 7,21 r/m? 3a 100y.

Harpomamkenns cyxoi pe4oBHUHM y  JIMCTKaX OypsKIB  KOPMOBHUX
MaKCHUMAaJIbHOTO 3HaUYCHHS HaOyBae y ¢aszi TeXHIYHOT CTUIIIOCTI. HalBuUII MOKa3HUKU
BigMiueHo y copty Pexopn Ilomi bic — 3,64 T/ra 1 copty Ampa — 3,23 T/ra. 3a
MOP(OJOTITYHUMH O3HaKaMHU KOPEHEIIONIB OYypsKiB KOPMOBUX Yy (a3y TexXHIuyHOT
CTUTJIOCTI 32 (OPMOI0 BHIAUIAETHCA — LWJIIHAPUYHA 1 CEPEIHBOI0 MAaCOI0
KopeHeriony Big 6,0 mo 8,2 kr.
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Abstract. In the technology of growing fodder beets, a set of agrotechnical measures is of
great importance, which ensures an intensive accumulation of organic substances and a rapid
increase in the area of the leaf surface. An important role is replaced by solar radiation, which is
used by fodder beet plants in the summer. In the conditions of the Right Bank Forest Steppe of
Ukraine, this occurs most intensively during the phases of the formation of the second pair of real
leaves, closing and opening of plants in a row, also an important element in the technology is the
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fertilization system, which provides plants with elements of root nutrition, as well as the arrival
from the air through the biological activity of the soil in sufficient quantities carbon dioxide.

Among the agrotechnical measures for fodder beet plants is the area of nutrition, which
affects the work of photosynthetic activity, and must be optimal, while in the case of thickened
crops, the photosynthetic apparatus is used irrationally due to mutual shading of the leaves, which
worsens the aeration of the crops, slows down the access of carbon dioxide (CO2) to the leaf
surface of plants.

Optimum illumination of fodder beet plants is a necessary condition for growth and
development and reproductive organs, as the leaves receive the maximum amount of light energy
and provide their additional maintenance, thus increasing the total area of the leaf mass. Due to
this, the intensity of photosynthesis decreases in fodder beet crops during the row opening phase.
Therefore, taking into account the biological features of the culture of experimental varieties during
2022-2024. carried out field research on the study of the photosynthetic activity of fodder beet
plants. The most important indicators of the photosynthetic activity of plants, which ultimately
determine the productivity of crops, are leaf surface area (PL), photosynthetic potential (FP), net
photosynthesis productivity (NPP) and its economic efficiency.

Key words: fodder beets, leaf surface area, photosynthetic potential, growing season, net
productivity, dry matter, technical ripeness.
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USE OF IMMUNO-CORRECTIVE AND BIOCIDAL DRUGS IN POULTRY

DIETS
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Abstract. The results of the study of immunocorrective and biocidal drugs that can be
effectively used in poultry farming to optimize immune processes, enhance natural resistance and
immunological reactivity in order to increase the productivity and resistance of poultry to diseases
are presented. It was found that in experimental poultry, with the combined use of the symbiotic
drug "Biomagn" with feed, the probiotic drug "Biozapin" by spraying and the biocide complex
"Diolide" for the water supply system, disinfection "Biolide" in their presence contributes to better
assimilation of feed and a gradual increase in the body weight of chickens, in relation to the
control. The survival of poultry in all groups is 100%. When conducting a pathological-anatomical
assessment of slaughtered broiler chickens of the COBB-500 cross, aged 42 days, control group [
and Il of the experimental groups, no deviations from physiological norms were found, all the
studied organs retained their characteristic anatomical structure, physiologically developed
according to age, their position was anatomically correct, and their integrity was preserved. The
following pathological-anatomical diagnoses were identified: myocardial dystrophy, granular
dystrophy of the liver, proventriculitis, catarrhal enteritis, involution of the bursa and thymus.
Changes were detected in the heart muscle, chickens of the control group,

Key words: [ymphoid follicle, broiler chickens, hyperplasia, immunoreactivity, fermentation

Analysis of the official market of veterinary disinfectants based on registration
materials for veterinary medicine [5,7, 8]. In Ukraine, 161 disinfectants are offered
for the poultry industry (94% of the number of registered ones). Among them, 58.1%
are products presented by foreign manufacturers, however, a fairly wide range of
products of the domestic pharmacological industry indicates the high potential of
Ukrainian manufacturers of animal protection products. Of these, the largest

percentage is the group of alkaline products (67.9%), biocides based on aldehydes
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(mainly glutaraldehyde). The second largest group (12.4%) is formed by disinfectants
based on quaternary ammonium compounds (QAC). The third group (11.1%) is
formed by acid-containing disinfectants. The rest (8.6%) are chlorine-based biocides
and agents based only on CHAS without aldehydes, as well as oxygen-, chlorine-,
iodine- and silver-containing compounds. At the same time, due to the increasing
introduction of disinfectants into practice, the problem of possible formation of
bacterial resistance to them arises. It is known that the basis of the resistance of
microorganisms to disinfectants is a genotypic mechanism, which is not yet
sufficiently studied. [6].

It has been established that the nature of the formation of resistance of
microorganisms to biocidal agents and antibiotics is different: in the first case -
chromosomal, in the second - plasmid, which generally complicates the selection of
disinfectants. Considering that the increase in resistance to some groups of
disinfectants may be latent, it is necessary to periodically rotate disinfectants [2, 4, 6,
8].

It was found that in experimental poultry, when combined with the use of the
symbiotic preparation "Biomagn" with feed, the probiotic "Biozapin" and the biocide
complex "Diolide", "Biolide" contributes to better assimilation of feed and a gradual
increase in the body weight of chickens, in relation to the control. Namely, the
poultry of the 2nd experimental group already on the tenth day of growing exceeded
the live weight of the peers of the control group by 0.054 kg or 15%. In the 1st
experimental group at this stage of growing, the smallest live weight (0.355 kg) was
observed in comparison with the control and second experimental groups. It should
be noted that already on the 20th day of cultivation, the experimental groups, in the
diet of which the symbiotic preparation "Biomagn" was fed, significantly differed in
live weight: the first experimental group exceeded the control by 9.7% and the
second experimental group by 12.9%. Since the introduction of the symbiotic
preparation "Biomagn" into the diet was carried out from the Ist to the 7th day of
cultivation, such a difference in live weight between the experimental and control
groups indicates a high level of prolonging action of the specified preparation. [ 4 ].
This fact is confirmed by the difference in live weight and after the end of fattening
the bird at 42 days (and the drug was received from the 22nd to the 27th day). The
final live weight in the control group was 2.380 kg, in the first experimental group it
was significantly higher by 0.350 kg ((14%) and in the second by 0.430 (18.1%). At
the same time, the survival of the bird in all groups was 100%, which is probably a
positive result of using the "Diolide" preparation for drinking the bird and
disinfecting the premises for keeping the bird with the biocidal preparation "Biolide".
[1,2]

After slaughtering the birds, a pathological examination and assessment of the
condition of the organs and tissues of slaughtered chickens were performed, in
accordance with RLDNDILDVSE 7.2-7-01 “Conducting pathological autopsy of all
species of animals and poultry and determining the causes of their death”, with
subsequent selection of material for histological examination [1, 4 ], paying attention
to the pathological characteristics of the following organs [2,6,7]:
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The detected changes in the glandular stomach and small intestine are likely to
have a mixed bacterial etiology, impaired digestive function and enzyme secretion
causes the development of disorders of protein and lipid metabolism. Undigested
food residues in the small intestine indicate insufficiency of the enzyme systems of
the glandular stomach, pancreas and liver, the effect of bacterial toxins increases the
negative effect on the liver, causes the accumulation of intermediate metabolic
products and enhances the development of dystrophic changes in hepatocytes.

Macroscopic examination of chickens revealed early involution of
immunocompetent organs - thymus and bursa. There are many etiological factors for
the development of this condition, in particular, the dependence of the state of the
organs on the factor of zinc absorption by the body of broiler chickens is described.
Zinc deficiency can lead to impaired differentiation of T-lymphocytes and contribute
to the development of immunosuppressive states. Early involution of
immunocompetent organs can be a consequence of impaired digestive functions of
the bird, due to the development of inflammatory processes in the glandular stomach
and intestines [1].

When conducting a pathoanatomical assessment of slaughtered broiler chickens
of the COBB-500 cross, aged 42 days, control group I and II of the experimental
groups, no deviations from physiological norms were found, all the studied organs
retained their characteristic anatomical structure, were physiologically developed in
accordance with age, their position was anatomically correct, and their integrity was
preserved.

Conclusions

1. As a result of the pathological assessment of slaughtered broiler chickens of
the COBB-500 cross, aged 42 days, which were grown with the combined use of the
symbiotic preparation "Biomagn" with feed, the probiotic "Biozapin" and the biocide
complex "Diolide", "Biolide" contributes to better assimilation of feed and a gradual
increase in the body weight of chickens, relative to the control.

2. When conducting a pathological anatomical assessment of slaughtered broiler
chickens of the COBB-500 cross, aged 42 days, of the control group, it was found
that all the studied organs retained their characteristic anatomical structure, were
physiologically developed in accordance with their age, their position was
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anatomically correct, and their integrity was preserved.

3. The following pathological and anatomical diagnoses were identified:
myocardial dystrophy, granular liver dystrophy, proventriculitis, catarrhal enteritis,
involution of the bursa and thymus gland.
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Anomauia. Haeedeni pesynvmamu OOCHIONHCEHHA Npenapamis iMyHO-KOPUSYBALbHUX MdA
OioYUOHOI Oill, AKI MOJNCHA eheKMUBHO BUKOPUCOBYBAMU 8 YMOBAX NMAXIGHUYL020 20CH00APCMEa
onsl onmumizayii IMyHHUX NpPoYyecie, NOCULEHHST NPUPOOHOI PEe3UCMEHMHOCMI Ma IMYHOLOCIYHOL
peakmuenocmi 3 Memorw RiOSUWEeHHsT NPOOYKMUBHOCMI [ CMIUKOCMI nmuyi 00 3aX680pPI06AHb.
Bcmanosneno, wo y oOocnionoi nmuyi 3a KOMOIHOBAHO20 3ACMOCY8AHHA iM CUMOIOMUYHO20
npenapamy «biomacny 3 xopmom, npobiomuunozo 3acoby «bio3aniny wIAXOM pO3NUTLEHHS |
Komnaekcy Oioyudie «/lionaio» Ons cucmemu 6000nocmavauHs, oesingexyii «bionatioy y ix
NPUCYMHOCMI CAPUAE KPAWOMY 3AC80EHHIO KOMOIKOPMY MAa NOCMYNOBOMY 30i1bUIeHHIO MACU Mild
Kypuam, no 8i0OHOuleHHio 00 Koumpono. 3bepedcenicmv nmuyi y ecix epynax 100 %. Ilpu
npoBeOeHHi Namo020aHAMOMIYHOI oyinKu 3a0iunux Kypyam-opounepie kpocy COBB-500, gikom
42 oni konmponawvroi epynu I ma Il 0ocnionux epyn He 6CmMaHoBIeHO BiOXUIEHb 80 (hi3i0N02IUHUX
HOpM, 8CI 0QO0CHIOJNHCY8AHI OpeaHu 30epieanla XapakmepHy aHAMOMIYHY 0Y008y @hi3ion02iuHO
PO36UHEHI 8I0NOBIOHO 00 BIKY, NONOJNCEHHS IX AHAMOMIYHO NPAUIbHE, YINICHICMb 30epediceHd.
Busieneno nacmynui namanozo-anamomiymi diacnozu: miokapoiooucmpoghis, 3epHucma oucmpoqis
NeYyiHKU, NPOBEHMPUKYIIM, KAMAapalbHUuli enmepum, IHE0MIOYIs Oypcu ma 6UNOYKO80I 3an03U.
Busieneni sminu y cepyesomy m’sa3i, Kypuam KOHMpOIbHOI epynu,

Knrwouoei cnoea: iMehoioHuLL Gonikyn, Kypuama-opotiiepu, einepniasis,
IMYHOpeaKmusHicmo, (hepmeHmayis.
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Anomauin. B pobomi posensaoaiomvcs okpemi MoMeHmu HeoOXiOHOCmi ma MOodiCIusocmel
8NP0OBAOINCYBAMU MA  3ACMOCOBY8AMU  HOBI AlbMEPHAMUBHI  3aco0U  8UpOOIMKY  eHepeii.
Bpaxosyrouu matidice nesuuepnui cuposunHi pecypcu, éce Oinbuie ygazsu 6 C8imi npusepmaroms
biomexnonoeii. Ilpacnenuss 0o cmanoco po3eUMKY ma CHPUAMAUBL 3MIHU 8 3AKOHOOABCMEL
000amKo80 CMUMYIIOIOMb IHBECMOPI8 6KIA0AMU KOWMU Y CMEOPEHHs OI0MexXHONI0IUHUX
yemanogok nomyxcnocmeti. OOHi€lo i3 0OCHOGHUX cghep, WO Cnpuse GupiueHHIo npoodiem
bioenepeozabesneuents GUCMYNAE  CIIbCbKe 20CNo0apcmeo, o0e  6i00ysacmvcsi  aKmusHe
BNPOBAONCEHHS eheKMUBHUX 3aX00i6 NepepoOKU GIONOBGIOHUX 8UJI8 DIOMACU 3 MEMOIO OMPUMAHHSL
NO3UMUBHO20 E€KOHOMIYHO20 Ul eKON02IUH020 ehekmy 8i0 8upobHUymea enepzopecypcis. Memoro
00CNIOMNCEHHS € OOIPYHMYBAHHA OOYLILHOCMI peanizayii npoekmie wjoodo 2cenepayiero enepeii i3
biopecypcie ma noOKpaweHHs eKoa02iuHoi cumyayii 6 ceimi.

Knrwouoei cnoea: ocnoseu npoexmysanus, OI0MeXHONOSIUHI NpoOYyecu, MexHiKO-eKOHOMIYHe
00Tpynmyeants, biomaca, bionaiugo

Berym.

[Iponiecu cBITOBOI rioGanizailii MPUHITUIIOBO 3MIHIOE CIIBBITHOIIEHHS MIXK
30BHILIHIMH 1 BHYTPIIIHIMH YHHHUKAMHU CTaJI0ro po3BUTKY. [Ipu 1ipomy 3’ ABISIOTHCA
HOB1 MOXJIMBOCTI JUIsl TIEPEJIMBAHHS KamiTajiB Ta TEXHOJIOTiH, MPAKTUYHO, ¥ OyIIb-
SAKOMY HallpsiMi Ha 3eMH1i KyJi. CBITOBa €EKOHOMIKA 3a3HA€ 3HAYHUX TpaHchopmarli,
3YMOBJICHUX HOBOIO XBHWJICKO TEXHOJOTIYHUX IHHOBAIlId YETBEPTOI MPOMHUCIOBOI
peBommonii. Takuii CTPIMKHII PO3BUTOK BUPOOHMYMX TEXHOJOTIA Ta HEOIMIHHE
MparHeHHs 70 IXHBOI EKOJIOTi3allii CTUMYIIOIOTh TMONIYK HOBUX JIKEpel EHeprii.
30kpema, cepell HampsIMKIB ajJbTEPHATHUBHOI €HEPIreTUKH, BCE OUIBIIOTO PO3BUTKY
HaOyBalOTh O10TEXHONOTIUHI (QopMH, MmO 0a3yIOThCS Ha BUKOPHUCTAHHI, B SIKOCTI
BIJIHOBJIIOBAJILHOTO JDKEpesra €eHeprii, B TepIly uepry, OpraHiyHuX pPEYOBHH
TBapUHHOTO 1 POCIMHHOTO TOXOMKEHHA. 30KpeMa, Taka eHeprisi Moxe OyTH
OTpUMaHa, SK 13 OpraHIYHUX BIAXOJIB, TaK 1 3 MPOIYKTIB POCIUHHUIIBKOI Talry3i
CLIIBCBKOTO TOCTIOIAPCTBA, TaK 3BAHUX, «CHEPTETUYHUX)» POCIIUH.

Pesynmbrati okpemMux MoCHiDKEHb [2-5] maloTh MiJCTaBH CTBEPKYBATH, IO
JIOCSITHEHHSI CTaJIOr0 PO3BUTKY Ta €KOHOMIYHOI CTIMKOCTI, € 3aJIe)KHUMU came BiJ
3€JICHOTO €KOHOMIYHOI0 3pocTaHHs. B mepiny uepry, 11e BiiOyBaeThcs 4epe3 Te, 110
came €KOJIOTTYHO YHUCTI, eHepro30epiraroyi IHHOBAIII1, @ TAKOK MPArHEHHs 10 CTaJIOT0
BUPOOHMIITBA €HEPrii Ta PO3IIMPEHHS €HEPreTUYHOro OajaHCy (3 BUKOPUCTAHHSIM
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TEXHOJIOTIM BIHOBIIOBAaHUX JDKEpET CHEprii) CTalTh pPYMIAHUMH CUJIAMU
3a0e3nevYeHHs] 3eJIEHOr0 €KOHOMIYHOro 3poctaHHs. OcoOnuBa yBara, BCe YacTille,
NPUAUISIETBCS 3aCTOCYBAHHIO O10€HEPreTUYHHUX TEXHOJOTrId. 30KpeMa, B CyYacHIi
EHEepreTuill  ocobimBe Micie 3aiimae mepepoOka  Oiomacu  (HampuUKIaj,
CUIbCHKOTOCTIOAPChKUX BIJIXO/IIB) Ta 3HE3aPAKEHUX OPTraHIYHUX JOOPUB METAHOBUM
OpOAIHHSAM 3 OTpPUMaHHAM Oiorasy, sSKuil MICTUThH Oiu3bko 70 % MeraHy. 3 1HIIOTO
00Ky, B CUIBCBKOMY TOCIOAApPCTBI OCOOJMBO BAXKIIMBOIO € yTHJi3aris Oiomacu. 3a
PI3HUMU JDKEpEeIaMi MOXHa KOHCTAaTyBaTH, 10 Y CBITOBIN MPAKTHUIll BITOMO OJIH3BHKO
60 pi3HOBH/11B 010METaHOBUX EHEPreTUYHUX 010TEXHOJIOTIH [5].

BupoOHUIITBO pI3HUX BUAIB NanuBa 13 0l0Macu CUIbCHKOTOCIOAAPCHKOrO
MOXO/DKeHHS — OJMH 3 €(QEeKTUBHUX CIMOCOOIB 1i yTwii3amii Ta oOmepyBaHHS
HEOOXIJTHOIO €HEpri€lo 3 BIAHOBIIOBAHUX Jikepel. [loai0H1 TexHosorii Ta crpaTerii
BKpail BaXJIMBI1 JUIs KpaiH, IO € 3aJIeKHUMH BiJ IMIIOPTY MEPBUHHUX €HEPTOHOCIIB.
IToBHOIO MIpOIO, 1I€ CTOCY€TbCS 1 YKpaiHM, ajke, piBEHb 3a0€3MEeUeHOCTI
BITUM3HSIHUMU €Hepropecypcamu ctaHoBUTh jumie 20-25 %, a craH AOBKLLIA
notpedye HarajabHOTO MOKPAIAHHS.

OCHOBHMH TEKCT

Ilim eKoJOriYyHO YHMCTHMH TEXHOJIOTIIMH BEJICHHS arpapHoro BHPOOHHUIITBA
BapTO PO3YMITH KOMIUIEKCHI MIAXOAM JO CTaJIOr0 BUKOPUCTAHHS MTPUPOAN Ta
MPUPOJHUX €JIEMEHTIB Ha OJaro JIOAMHMU Ta BOAHOYAC MOJIIMIICHHS CTaHy MPUPOIH.
HanpaxnuBo, mpu oMy Te, IO PINICHHS MaloTh OyTH ajanToBaHi 0 MICIIEBUX
noTped (HampuKIIaJl, 3aXUCT MICIEBOIO HACEJICHHS BiJ MOBEHEW) Ta YMOB JIOBKLIUIS
(HampuKIIaa, MICIIEBl €KOCUCTEMH, KIIIMAT).

Cepen BUPOOHMYMX CEKTOPIB €KOHOMIKM YKpaiHU HAWOLIBIIUM MOTEHIIIaIoM
HAJUIEHUH caMe arpompojaoBOJibYMil. 30KpeMa, caMeé B HbOMY BIJ3HAYAETHCS
MOTEHI[IaN Il 3aMIHM BUKOITHOI CUPOBHHM Oiopecypcamu — Oinbie 57 % pecypci
OLIIHIOEThCA SIK 3aMiHHI. HacTymHuMM B paH31 CEKTOpPIB 13 HAHOUIBIIO YacCTKOIO
pecypciB, 10 MOXYTb OyTH 3aMiHEHI, Ha JYMKY JOCJTITHUKIB IIbOTO IUTaHHS, €
ceKkTop mnepepodHoi mpomuciioBocTi (011s1 48 %). Takox B Tpiiill NEPCIEKTUBHUX —
chepu enepretuku (46 %) Ta TEKCTUIIbHA TPOMUCIIOBICTH (45,6 %) [6].

B €Bporni BUpoOHUIITBO €HEprii 3 TBep/10i G10MacH MOMITHO 3pOCJIO 3a OCTaHHI
ACCSTHIITTS, JOCATHYBIIHN MKy B 2021 poui piBHs B oHas 100 MiIH. METPUYHHUX TOH
HadroBoro ekBiBajeHTa. Lli pecypcu Oiomacu, B mepury 4Yepry, OXOILUTIOIOThH
PI3HOMaHITHHM CHEKTp MaTeplajiiB arpolpoMHUCIOBOL Ta JICOBOI raiy3ei. 30Kpema,
CUPOBHHA OTpPUMaHa 3 JIepeB 1 JIICOBUX 3aJIUIIKIB, YaCTO BUKOPUCTOBYETHCS Y
BUTJISIAI KOJOJ, TPICOK abo0 TIpaHyn. B pOCIMHHUUTBI aKTUBHO KYJIbTHUBYIOTHCS
CHepreTHYHI — CIIELiaJbHO Yepe3 IXHIO BUCOKY YPOKalHICTh Ta eHEPTeTUYHHI BMICT.
[IponykT TBapUHHOTO MOXOJKEHHS, 30KpeMa THIM isi XyA0OHu, TaKk0oX MOXKYTh
OyTu nepepobiieHi 11 BUpoOHUIITBA Olorasy.

Cektop OlOCHEPreTHKA TaKOX 3JaTHUH BHKOPUCTOBYBATH BIIXOIU IS
BUPOOHUIITBA €HEPrii; BKIIOYAIOYM 3BAJIMIN HUH Ta3, TBEpAl MOOYTOBI BIIXOAU Ta
ocan ctiuamx Boa. Jlms kpain €Bpormeiicbkoro Corozy Oiomaca 3poOuia 3HAYHUN
BHECOK Y CEKTOpP BIJTHOBJIIOBAHOI €HEPreTUKHU. 30KpeMa, TIIbKH 3a 2022 pik, B TaKu
croci6, Oyno Bupobieno 169,4 tepaBar-roa. eIeKTpPOEHEprii, MO0 CTANO TPETiM, 3a
oOcsaramu, JHKepesioM BIAHOBIIIOBAHOT €HEPTii Miciisi BITPOBOT Ta riapaBiiuHoi [7].
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[ToxibHo mo Giomacw, BUpOOHUITBO OiomanwBa B KpaiHax €C TakoX CYTTEBO
3pocio. 3a nepioa 2000-2022 pp. BumoOyTOK 3pic 3 12 THC. HA ACHB 110, OJIM3bKO 228
Ttuc. OapeniB HadTOBOrO €KBIBaJE€HTA Ha JI€Hb. A CIOXUBaHHs OlomaiauBa s
TpaHcnopty B €Bporeiicbkomy Coro3i gocario macmTady B 17,1 MIIH. METpUYHHX
TOH HadTOBOro ekBiBajieHTa. [lami 3poctanHHs mnpojoBxkyBamocs 1 B 2023 p.
BUPOOHHUIITBO OlomajwBa CKJIajgo Bxke, Omm3bko 295 Tuc. OapeniB HadTOBOrO
€KBiBaJIeHTa Ha JIeHb, TOOTO, mpubIU3HO Ha 1,5 % OuIbIIe, HK Yy MONEPEIHBOMY
pomi. Opmnak, HaiiBumie 3adikcoBaHe 3HaueHHs Oyno mocsrayre y 2019 p. —
BUpOOHUITBO cTaHoBmwIO 300 Tuc. OapeniB HadTOBOro ekBiBajieHTa IIOAHSA. B
KOHTEKCT1 COLI1AJIbHO-€KOHOMIYHOTO BILUIUBY CEKTOPY OioeHepreTuku, y 2022 p. nis
CTBOpeHHs O6ioMacu Oyio 3afisiHo 6au3bko 331,7 Tuc. ocib. [6, 7].

TexHIKO-eKOHOMIUYHE OOIPYHTYBaHHA TMPOEKTY BUCTYNAE€ TUM BAKIUBUM
JTOKYMEHTOM, SKWW, Ha OCHOBI CHCTEMHU ITOKa3HUKIB Ta PO3PaxXyHKIB JO3BOJISIE
BU3HAUaTH €(PEKTUBHICTh BIAMOBIIHUX IHBECTUIIMHUX pIIIEHh 3a HUM. 3T1THO
CTaHJIapTU30BAHOTO MIAXOAY N0 Horo (QopMyBaHHS 3akjiajJeHa MOXJIUBICTH IS
JETANBHOTO OOTPYHTYBaHHS BIAMOBIJAIBHUX MPOCKTHUX PIlIeHb: 3 OYIIBHHUIITBA
MOTY>KHOCTEH, SIKOCTI Ta KOHKYPEHTOCIIPOMOKHOCTI MPOAYKIIii, BAPTOCTI MPOEKTY Ta
BU3HAYCHHSI TEXHIKO-€KOHOMIYHHUX MOKa3HUKIB €(EKTUBHOCTI, OIlIHKH BIUIMBY Ha
HABKOJIMIIHE CEPEIOBUIIIC TA 1H.

B pamkax meprodeproBoi fii mpu po3poOili Ta pearizaiii IpoeKTy Ha 3acamax
O10TEXHOJIOTTYHOTO BUPOOHMIITBA, JIOMUIBHO YITKO BH3HAYUTH HOTO KIFOYOBI
€JIEMEHTH: €TalM JISUIbHOCTI, HalpsIMKUA Ta JpKepena (pIHAHCYBaHHS, a TaKOX
CKJIQJIOB1 YCITIXy 010T€XHOJIOTTYHOTO IIPOCKTY (PUCYHOK 1).

IligroroEra Ilnanyeanna biznec- DarTHYHE CTEOPEHEA YOpaEmiHEA TA
oo OpOEKTY OpOIEciE MpoRKTY (EYMBHHIITES) IPORKTY MOHITOPHHT OpOEKTY

Clempyrmnipa #ia dxcepena (PIHAHOVERHHA Ja eManaii ADoSKIY

Ao 5o Ao 759 aﬂfﬂ% dha 1OV %G
anacHi ko R — gRacHi Ko KpedimiL
Fpanmu IHERCHIILT FRARRIL

Pucynok 1 — Cxema eramis i a:epes1 (PiHAHCYBAHHS 0I0TEXHOJIOTIYHOT0 IPOCKTY
IDicepeno: asmopcvka pospobka 3a oanumu [6, 7]

KitouoBuME  COLIIabHO-€KOIOT0-€KOHOMIYHUMH ~ Opi€HTHpaMu  (IUISIMH)
po3poOKM Ta peamizaiii MPOEKTy, Hampukiaang, B cdepl Ol0CHEPreTUYHOIO
3a0e3nedyeHHs Oy yTh BUCTYIATH HACTYIIHI:

» 3MCHIIIUTH CIIOKWBAaHHS TPATUIIHHUX PECYpCiB 3a pPaxXyHOK 3aMillleHHs

O10ITaIMBOM;

» 30UTIIUTH 00CSITH BUPOOHUIITBA TEILJIOBOI €HEprii 3 GioMacu;

» MOJICpPHI3yBaTH 00JIaTHAHHS 3 MOKJIMBICTIO BUKOPUCTAHHS 0i0TIaINBa;

» YTUIII3yBaTH B1IXOJU BUPOOHMIITBA 3 OTPUMAHHSAM KOPHCHOI €HEprii;

» 3MCHIIIUTH COOIBapTIiCTh BHPOOHHWIITBA TEIJIOBOI CHEPrii 3a paxyHOK

BUKOPHUCTaHHs 010N1aJI1Ba;
» 30UTBIIIMTH KUTBKICTh CITO)KHBAYiB TEIJIOBOI €HEPTi;
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» 3MEHIITUTH BUKUIH MTAPHUKOBUX T'a3iB;

» CTBOPUTH HOBI po0OOYi MICIIs Ha MIAMPHUEMCTBI Ta iH.

biorexHonoriuna mepepoOka € KIIOYOBUM AaCHEKTOM 3a0€3MEUYEHHS CTaJloCTi
EKOHOMIKM B paMKax BIAMoBigHOI cTparerii €Bpomneiicbkkoro Corozy. B 1mpomy
KOHTEKCT1, caMe 3€JieHa €KOHOMIKa, 10 CHpsIMOBaHa Ha MIiJBHUILEHHA T00poOyTYy
JIOJIe Ta COIllaibHY pPIBHICTh, OJHOYACHO 3MEHIIYIOUM EKOJIOTIYHI 3arpo3v Ta
nediuuT MTPUPOJHUX PECypciB, aKTUBHO BIPOBAIKYE B ce0€ PO3BUTOK YHUCTHUX,
BiJTHOBJTIIOBAHMX OIOTEXHOJIOTIYHNX TeXHOJOTid. CTanuii pPO3BUTOK EKOHOMIKH
BKJIIOYa€ B cebe He JIMIIe PO3BUTOK YUCTUX CHEPreTUYHHX TEXHOJIOTIH Ta
eHeproe()eKTUBHOCTI, aje # BIPOBAHKEHHS CTAJIOrO CIOXHBAaHHSA Ta BUPOOHMIITBA,
IHTETPOBAHOI MPOAYKTOBOI TMOJITUKU, 3€JICHUX JIEPKABHUX 3aKYITIBEIb, CTBOPECHHS
3eJIEHUX PpoOOYMX MICIh Ta MPOEKOJOriyHOi (ickanbHOi pedopmu. Lle n03BOMUTH
3a0€3MeYNTH CTAOUIBHICTh €KOJIOTTYHO YHUCTHX O10TEXHOJIOTIHA Ta CHPHUSITHME OLIBII
CTaJIOMy PO3BUTKY [8].

OTxe, BUKOPUCTaHHS €KOJOTIYHO YHUCTUX TEXHOJOrIM AISUIbHOCTI, IO
0a3yl0TbCAd Ha MPUUHATTI MPUPOAO-OPIEHTOBAHUX pIIIEHH B arpapHid cdepi — 1e
peanizalis 3aX0/1B, 3aCHOBAaHUX HAa MPUPOAHUX MIpolecax. Taki pimieHHs: 0a3yroThes
HAa TOMy, IO MPUPOJAa BHUKOPUCTOBYE CHIYy (YHKIIOHYIOUHUX EKOCHUCTEM SIK
1HGPaCTPYKTYpy MJId HaJaHHS EKOCMCTEMHHUX I[OCIYr Ha KOpPUCTh CYO’€KTIB
arpapHoro BUPOOHUIITBA, CYCIUIHCTBA Ta TOBKIJLIA.

B momituii nupkyaspHOi €KOHOMIKM IEHTpaibHA POJb Y TPOLEeCT TPUUHATTS
pllIEHb BiABOJIUTHCA €(PEKTUBHOMY BHMKOPHCTAHHIO PECYpCIB — 3a0e3leyeHHs
JI0JIaHOi BApTOCTI 3 OUIBII TPUBAJIUM Ta MOBTOPHUM BHKOPHCTAaHHSM pecypciB. B
TaKOMY pa3l, 3SMEHILYEThCS KUIbKICTh B1IXOJIIB, 3HHIKYETHCS MOIMUT Ha pecypcH (Taki
SK BOJIa, BUKOITHE IMaJNBO 1 €HEpris), MiABUILYETbCA €(PEKTUBHICTh 1 3MEHIIYIOTHCS
3aTpatu. BukopucrtanHs OGiomMacu Ma€ 3HAUYHMUNA MOTEHLIal BHUPOOHUIITBA TeIja Ta
€JIEKTPOCHEPril 3aBASKM HAsSBHUM 3alUIIKaM POCIMHHMIITBA Ta TBAPUHHUIITBA Y
CUIbCBKOMY T'OCHOJApPCTBI, CHPHUSITIUBUM KIIMATUYHUM YMOBaM, HAasBHICTIO
CLITBCHKOTOCIIOIAPCHKUX YTiAb, BITHOCHO HEIOPOTOI0 POOOYOI0 CHJIOK Ta BEJIMKOIO
KUTBKICTIO TTOJIITOHIB TBEPUX MOOYTOBHUX BIIXOIB.

YV 6ioMaci HaKOMUYY€ETHCS MIEPBUHHA COHSIUHA €HEPTis MPU 3POCTaHH1 POCIINH, a
[l O3Hayae, 110 MEPIIOIKEPEN0 BHYTPINIHBOI eHeprii 6ioMacu — BUIPOMIHIOBAHHS
Conns. Pocnimana 6iomaca — OJIHE 3 HAWBAXJIMBIIIUX €KOJIOTTYHO YHUCTHX JIKEPE
eHeprii 3emiti. BoHa yTBoproeThes npu (POTOCHUHTES1 3 JIOKCUY BYIJIELIO Ta BOJU 3
BUJIITIEHHSAM KUCHIO. [Ipy yTBOpeHHi 1 Kr pociIMHHOI 010MacH MOTJIMHAETHCS OJTU3BKO
1,83 Kr Mi0KCUIYy BYTJIEIIO 1 CTUIBKHU K BUAULIETHCSA TIPH 11 po3KIIagaHH1 (OKUCIICHH]
Ta ropinHi). OTxke, BMICT A1I0KCHy BYTJICIIO B aTMOC(epi 3aUIIA€ThCs HE3MIHHUM.
Kpim Toro, npu cnaitoBaHH1 6GioMacy BUAUISETHCS Habarato MeHIE CIpKU Ta 307U,
HDK MpU CHAJIOBAaHHI, HalpUKIad, Byruuisl. BHeceHa y IpyHT 30ia BiJ cCHaja€HOI
O0loMacu CIy>XUTh JOOPHUBOM, CIPUSE 3POCTAHHIO Ta PO3BUTKY pociuH. OTxke, BCi
MPOIECH, BiJI POCTY POCIUH JO pPI3HUX IIEPETBOpPEHb OiOMacHu, € MPUPOIHUM
0€3B1IXOTHUM KPYroo0iroM 010T€HHUX PeUOBUH y Oiocdepi.

B koHTEKCT1 BU3HAUEHHSI JOIIBHOCTI peaiizallii mpoeKTiB 610TEeXHOJOTTYHOTO
BUPOOHUIITBA, B TIEPIIYy YEPry, BApTO 3Ba)KAaTH HA JOBOJI NEPCIEKTUBHUI HAPIMOK
BUKOpUCTaHHS OioMacu — BUPOOHUIITBO OioeTaHony 1 Oiogusensa. 3a3HaveHi
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EKOJIOTIYHI TajWBa 3 MPOAYKIl arpapHoi cdepu TOCHmomaproBaHHS € OCOOIMBO
MpUBa0IMBUMH B YaCH €HEPTreTUYHOI 3aJIEKHOCTI Ta EKOHOMIYHHUX KpU3.

bioeranon — 1e 00€3BOJIHEHHI ETUJIOBUU CHUPT 13 CYMYTHIMHU JOMIIIKAMH,
BUpOOJIeHNH 13 Olomacu Ta/abo Ol0JIOTIYHO PO3KJIAJHUX KOMMOHEHTIB. [0
HaWUMOMIMPEHIIINX CUPOBUHHUX JIKEPEJl BUPOOHUITBA O10€TaHONY BapTO BIAHECTH
HACTYIIHI: IIyKpOBa TPOCTHHA, MeJIsca, IlyKpoBuid Oypsk Ta 3epHO (90 % kyKypya3a).
JlocUTh BaXKJIMBUM €KOJIOTTYHUM YMHHUKOM, MPHU LIbOMY, € TOH (akT, uo 610eTaHo,
MPAKTUYHO, HEUTPAIbHUI 111010 BUKH/IIB TAPHUKOBUX Ta3iB 1 BIAPI3HAETHCS THM, IO
ckopouye ix a0 75 %, y TOpPIBHSHHI 3 MIHEpPAJbHUM MAJIWBOM. 3a JaHUMH
MDKHApOJIHUX Jukepell, B 2022 pori OioetaHos 3amintyBaB Ouibiue 11 % OeH3uHIB, a
10 2030 p. e MoKa3HUK Ma€ TOCITTH 3HaYeHHs B 14 % [7].

JI0o OCHOBHUX €KOHOMIYHHX IepeBar BUPOOHUITBA O10€TAHOIY BapTO BIIHECTH
HACTYIMHE: CTaOUIbHO 3pOCTalOYUil PUHKOBHM IOMUT, IMIBHAKA OOOPOTHICTH (A0 5
IHIB), BUCOKa PEHTAa0EIbHICTh BUPOOHUIITB K camoro Oioeranony — 35 %, Tak i
cyonpoaykriB (CO2, CHs) — Oubme 100 %. Ilpouec BupoOHuIITBA OloeTaHOIY
cipusie TpaHchopmaliiHoMy Mepexo 0Bl J0 3aCTOCYBAHHS BIAHOBIIIOBAHUX JIKEPE
€Heprii, CTUMYJIOIOYM PO3BUTOK arpapHOro CEKTOpa €KOHOMIKH, MIABULIYIOYH
€KOJIOTIYHY Ta EHEepPreTUUHy O0€3MeKy BIAMOBITHUX BUPOOHUIITB.

bionuzens (muzensHe GionanuBo, Ci3 Hys ) — ckimagHuii MetunoBuid edip, 110
MoO>ke OyTH OTpUMaHUH 13 OJil POCIMHHOTO a00 TBAPUHHOTO MOXO/KEHHS. B 0CHOBI
HOro BUPOOHHUIITBA — CYMIIll MOHOAJNKUIBHUX e(dipiB XKUPHUX KHUCIOT. [Ipu npomy,
HalyacTille, BUKOPUCTOBYIOTh COHSIIIHUKOBY, PANCOBY, JUISHY Ta 1HIII POCIIHMHHI
oiii. ONTUMAIbHOIO CHPOBHUHOIO € CLIBCHKOTOCTIOJIAPChKAa KYIJbTypa piMak, amake
BIJICOTOK BHUXOJly AM3€IbHOr0 mamvpa 3 1 T #oro omii gocsirae 96 %. 3 moswuinii
Oprasizailii TeXHOJIOTi CLIbCHKOTOCIOJAPCHKOTO BHPOOHHUIITBA — pIMaK igeaibHa
KyJAbTypa JUIAi CiBO3MIHM 3 TMINEHHICI0. MOro BHpPOIIyBaHHS J03BONSE 100pE
CTPYKTypyBaTH TPYHT, BHACIiIOK YOTO YypPOXKaWHICTb 3EPHOBUX KYJIbTYp-
MOCJIJOBHUKIB, MOXe 3poctaru 10 10-15 1i/ra.

TexHIKO-eKOHOMIYHUM aHalli3 TPOEKTY TMOJsAra€ y BHUSBIECHHI MOXIIUBUX
pillieHb, MO0 MalwTh OYTH pealli3oBaHl, 30KpeMa, 3 YpaxyBaHHSIM TEXHIYHOI,
€KOHOMIYHO1, €KOJIOTIYHOI Ta IHCTUTYIINHOI JOIIIBHOCTI. 3a pe3ybTaTaMH TaKOTro
aHalizy € MOXJIUBUM (OpMyBaTH Ta OCHOBHI MPOEKTHI pIIICHHS; BHU3HAYaTH
MOTY>KHICTh BUPOOHHUIITBA; YIPABISATH HOMEHKIIATYPOIO Ta SIKICTIO MPOJYKIIii; 10aTH
Npo HaJle)kHEe 3a0e3NeUYeHHs1 CHUPOBUHOIO, Marepianamu, HaniBpaOpukaramu,
MaJuBOM, €JIEKTPO- Ta TETIOEHEPTIEI0, BOJIOIO 1 TPYIOBUMHU PECYpCaMU; BIUIUBATH HA
BapTICTh OyAIBHMUIITBA Ta OCHOBHI TEXHIKO-€KOHOMIUHI TIOKAa3HUKHU; HaJaBaTu
BCEOIYHY OIlIHKA BIUIMBIB IUIAHOBAHOI MISUTBHOCTI Ha CTaH HaBKOJHUIITHLOTO
CEpe/IOBHUIIIA.

[Ipy mnpoexTyBaHHS TakOX Ba)XJIMBO BpaxOBYBATH HAasBHI Ta MOTEHI[IIHI
OOMEKEHHS, 10 MOXYTh MPSMO YM OIOCEPENKOBAHO BIUIMBATH Ha pe3yibrar. Jlo
TaKUX BapTO BigHECTU: (DIHAHCOBO-EKOHOMIYHI, YacOBi, COLIaJIbHI, OpraHi3alliiiHo-
TEXHIYHI Ta €KOJIOT14HI 0OMEXYI0Ul YNHHUKH BILIUBY.

[Topyy 3 UMM KOXEH TaKUW MPOEKT peai3yeThCsd B paMKax ICHYBaHHSA Ta
MOTEHI[IHHOTO TIPOSIBY TIEBHOTO CIEKTPY PH3UKIB: TPAaBOBHUX, PHHKOBUX,
aJIMIHICTPATUBHUX, POEKTHUX, (PIHAHCOBUX, ONEPAIITHUX Ta IHIIUX.

ISSN 2567-5273 81 www.moderntechno.de



Modern engineering and innovative technologies Issue 36 / Part 3 é_

B ymoBax puWHKOBOi €KOHOMIKH, BH3HAY&JIBHHM MOMEHTOM CTalOTh
OTEPATUBHICTh Ta TOYHICTh OIIHKU JOIIIBHOCTI (€()eKTUBHOCT1) O10TEXHOJIOTTYHOTO
npoekTy. JIJis AOCATHEHHS Ili€i METH TMPOCKTYBAaHHS MOXXKHA 3aCTOCYBaTH ITUTHIMA
CIIEKTP PI3HOMaHITHUX METOIIB, III0 MOXKHA 00’ €IHATH B HACTYITHI CHCTEMH1 BUIH:

1) piHaHCOBO-€KOHOMIYHOT OLIIHKU MPOEKTY (CTaTUYHI, IMHAMIYHI1);

2) anamizy eQEeKTHUBHOCTI MPOEKTY (BUTpPAT 1 BUTLA, MYJbTUKpUTEplaIbHUI

aHaii3, epeKTUBHOCTI, MiHIMI3aIlli Y1 KOPUCHOCTI BUTpAT).

BucHoBkwu.

B skocti miACyMKIB JOCHIDKCHHS aKTYaJIbHOCTI Ta KJIIOUOBHX aCIICKTIB
MPOEKTYBaHHS OIOTEXHOJIOIIYHOIO BUPOOHMUTBA, HA NPUKIAAl BUKOPHUCTAHHS
CUPOBHHHM arpapHoi cdepu TOoCIOJapiOBaHHs, OIIIHUMO IUTIOCH W MIHYCH
BUKOPHUCTAHHS 010MacH SIK EHEPreTUYHOTO PECYPCY.

J1o OCHOBHHX HEZOJIKIB 6i0MacH, SIK JKepesa s OTpUMaHHs 010€HepreTUYHOI
MPOAYKIIli, MOKHA BIIHECTH HACTYIIHI:

— 116 CHUPOBHMHA 3 HHWXXYOI TEIUIOTBOPHOIO 3JATHICTIO, HDK BYIUUIA YU

IIPUPOJHUM Ta3;

— BHACJHIZOK CHaltoBaHHS OlOMacu B KOTJAX YTBOPIOETHCS BEJMKAa KUIBKICTh
30J11, TOMY OIaJIIOBAIBHY CUCTEMY JIOBOJUTHCS TMOCTIHO OYHIIATH;

— TIEeJIeTH, TPICKY M coJioMy Tpeba 30epiraTv HaJIG)KHUM YMHOM, 1HAKIIe BOHU
IIBUIKO BOMPAIOTh BOJIOTY Ta BTPAyalOTh €()eKTUBHICTD;

— I[IHa CHPOBHWHH JJII BUPOOHHUIITBA O10OMAacH 3pOCTa€ BHACIIIOK ITiIBUIIICHHS
I[IH Ha €HEPTrOHOCII.

OcHoBHI TiepeBaru 6ioMacu:

v He mnorpebye BugoOyTKy i € 100-BiICOTKOBMM BiJHOBJIIOBAIBHUM Ta
3araJbHOAOCTYITHUM PECYPCOM;

v/ YyTBOPIOETHCS BHACIJOK yTHIIi3allii MOOYTOBMX BIiIXOMIB UM €KCKPEMEHTIB
TBApUH, TOOTO Marepiany, TUCAYl TOH SKOTO IIOJHS BUPOOJISIETHCS Y BCHOMY
CBITI;

v Mae IpupoIHe MOXOKEHHS, a TOMY 010J0rUHI BiIX0AM HE 3aBJAOTh MIKOAK
HABKOJIUIITHEOMY CEpPEJIOBHUIILY, a OTpUMaHa 3 HUX 30JIa — YyJIOBE OpTaHiuHe
JT0OpHBO;

v’ MO’XHA €KOJIOTTYHO BUPOOJIATH 3 BiIXO/1iB 0OPOOKH JIE€PEBUHU;

v 1iHHe JpKepeno OiomanMBa — CremialdbHi €HEpreTHYHi KyJIbTypH, IHO iX
BUPOILYIOTh HAa MyCTUPSIX a00 Ha O€3MIIIHUX NOCTIHAYCTPlaJIbHUX IPYHTaX;

v/ MIBHIKOPOCI BUAX pocinH (Bepba abo TormiHaMOyp) BHKOPHUCTOBYIOTBHCS SIK
CUPOBHMHA JJI1 BUPOOHMIITBA OloMajivBa, MpPU LbOMY BUPOOJSIOTH KUCEHB 1
MOKPAIYIOTh CTaH IPYHTIB.

Otxe, OioMaca — OJMH 13 HaWIMEPCIEKTUBHININX BHUJIIB CHUPOBHHH, 0€3 SKOTO

CKJIQJTHO YSIBUTH CY4YacCHY CBITOBY €HEPICTHKY.
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Abstract. This paper discusses some aspects of the need and opportunities to introduce and
use new alternative means of energy production. Given the almost inexhaustible raw material
resources, biotechnology is attracting more and more attention around the world. The desire for
sustainable development and favorable changes in legislation further encourage investors to invest
in the creation of biotechnology facilities. One of the main areas that contributes to solving the
problems of bioenergy supply is agriculture, where there is an active implementation of effective
measures for processing the relevant types of biomasses in order to obtain a positive economic and
environmental effect from energy production. The purpose of the study is to substantiate the
feasibility of implementing projects to generate energy from bioresources and improve the
environmental situation in the world.
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Anomauyia Cmamms npuceésuena NOwyKy HAubiibwl egheKmusHomy mMemooy 3HeOONEeHHS )
nayicHmie 3 pakom mila Mamku, 3 Memow OnmuMizayii GUKOPUCMAHHIA MYIbMUMOOANbHOL
MAKMUKU aHecme3iono2iuno2o 3abesneyumu, ske O OONOMONO NOKpawumu nicisonepayiine
BIOHOBNEHHS MA 3MEHWUMU KLILKICMb YCKIAOHEHD.

Oyinusuiu 00C8i0 AKUL MU OMPUMANU NPU NPOBEOEHHS AHECME3I0N02IUH020 3abe3neyenHs Mu
NOPIBHANU e(heKMUBHICINb MYTbMUMOOANbHO20 Ni0X00y, wo € komnonenmom ERAS cmpamezii, i3
BUKOPUCMAHHAM  IHeanaAyitiHOi anecme3ii ma  enioypanvHoi  auaneesii, nepeod 3a2albHOI0
IHeANAYIUHOW aHnecmesieln 0e3 pPeliOHANbHUX MemOoOdi8 3HeDON08aH . A MaKoxc OYIHUIU BNIUE
MYTbMUMOOANbHOT MAKMUKU OO0 KOHMPOTIO NICAA0NEPAYIH020 OO0 Ma UWEUOKOCTI 00VIHCAHHS
Y nayieHmia, AKUM NPoBOOUNU eKCTMUPNAYI0 MAMKU Y 36 3Ky 3 pakom miia mamku. Hamu 6yno
docniodceno 87 xeopux dicinok i3 diacnozom Cr corporis uteri. I pyna I (n=44) suxopucmosysascsi
MYTbMUMOOANbHIU NIOXIO MA 3ACMOCO8YBANACH TH2AIAYIUHA aHecmesis ma enioypalbHa aHan2esis,
a epyna Il (n=43) ompumana ineanayitiny arecmesito Oe3 3aCcMOCYBAHHA PECIOHALHUX MemOoOi8
3Hebonoeanns. OyiHKy 00110 NpPo8OOUNU 6CIM NAYIEHMAM WOOHA Ni0 YAC BIONOYUHKY MdA
AKMUBHOCMI 8 NICAAONepayiuni OHi 00 BUNUCKU 3 NANAMU 3d OONOMO20I YUCI0B0I OYIHOUHOL
wKanu O0m0, MAKodiC OYIHI8ANU KINbKICMb ONiOiOH020 3HEDONI08AHHA MA 4ac NnepeOyB8aHHs Y
KIiHiYyi. Bionogiono 0o 3anucié nucmié NpusHayeHsb y NICIAONEePAyitiHoMy nepiooi CHONCUBAHHSL
onioiodie uepe3 24 200unu nicis onepayii OYI0 3HAYHO HUINCUUM Y CMAHOAPMUZ0BAHIU CepeOHill
pisnuyi epynu 1 axa ompumysana 6esnepepsny enioypanvhy inghyzito 0,25% oynieakainy 3i
weuokicmio 5.2 +/— 2,4 mn na eoouny (P<0,001). Bynu eiomiueni Oesiki iOMIHHOCMI U000
mpueaniocmi nepeby8anHs 6 CmMayioHapi, 6apiabeibHOCmi nepionepayitinozo apmepiaibHO20
MUCKY, | yacmomu nepionepayiuHux 2emMOOUHAMIYHUX VYCKIAOHeHb., MynbsmumooanivbHa anecmesis
ma nicasonepayitna enioypaibHa avaneesis Kpawe 3abe3neyyroms KOHmpoib NiCaA0Nnepayiuio2o
OO NOPIBHAHO 13 3A2ANbHOI0 AHECME3IE0 MA CUCMEMHON AHAN2E3I€l0, 3 NOOIOHUM BNAUBOM HA
2eMOOUHamiyHul cmamyc. /lanuii memoo 3abesneuye a0ek8amuuil aHecme3ionoiuHuLl 3axucm ma
KoMehopmHi ymosu 01 nayienma nio yac 1iKy8auHs, 3a PaxyHOK 3MeHUeHHs DOIbOBUX 8I0Uymmis
nicisi onepayii, 3HUMNCYe nompeby V HAPKOMUYHUX AHANb2eMUKAX Md NPUCKOPIOE Npoyec
00YIHCAHHSL.

Knrouogi cnosa: mynomumooanvua anecmesis, enioypaibHa ananesis, pax mina Mamxu

Beryn  Ilicns  nyOnmikamii  opuriHanbHMX — pekoMeHpganid — ToBapuctBa
MoKparnieHoro BimHoBIeHHs micis onepartlii (ERAS) nns riHexonoriayHoi OHKOJIOT] B
2016 porti [ 1, 2 ] 1 mepmoro onosneHHst B 2019 pomi [ 3 | HenonaBHi MeTa-aHai3
3po0OMB BHCHOBOK, IO 3acTocyBaHHs ERAS crparerii B TiHEKOJOridHIA OHKOJIOTIT
CIpHsie 3MEHIICHHIO TPUBAJOCTI nepedyBaHHs xBopux B JikapHi (LOS) na 1,6 ans,
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CKOpoueHHA Ha 32% micigonepauiiHux yckinagHeHb, 20% 3HMKEHHS MOBTOPHOI
rocmiTaiizaiii, BiACYTHICTh 3MiH y 30-IeHHIN micisonepamiiHid cmepTHOCTI [ 4 ].
[pynTyrouncs Ha 1MX 1oka3ax, ERAS Temep Mae cratd CTaHaapTOM JIIKyBaHHS B
Hamii ranysi. [IpoTe € Kiapka HemoaaBHIX MyOJiKallii, B SKUX OYyJIO JOCIIIKEHO
nomupeHHss ERAS B rinekosoriuniii oHKoJsOrii mo ycbomy cBiTI [ 5 |. PesynbraTu
MMOKa3yIlTh, IO, HE3BaKAalOUW Ha BCl 3ycwnia, Oarato pekomenmariii ERAS
3aJIMIIAIOTHCS TTOTaHO JOTPUMAaHUMHM, a Oap’epu st BrpoBamkeHHs ERAS Bce mie
3aJTUIIAI0THCS.

Kit04oBi yHKTH MPOTOKOJIY paHHBOI peadinmiTailii BKIOYAIOTh JOOIEpaIiiHy
pOiH(OPMOBAHICTh MAl[lEHTa, CKOPOUEHHS Yacy IMepeaonepalifHoro rojoayBaHHs,
BYIJICBOJIHE HaBaHTAXXCHHS 3a 2 TOAWHM JO Olepallii, CTaHJapTU3aIlil0 CXEeM
aHecTe3li Ta MICIASONEpALITHOrO 3HEOONIOBaHHS (BUKOPUCTAHHS perioHapHHUX
METOJIMK, MyJIbTUMOAAJIbHY aHECTE31I0 Ta HEOMIOiJHYy aHajre3il0), a TAKOX PAHHIO
MOOUTI3aIlI0 Ta eHTepalbHe Xap4yyBaHHs [6]. O4eBUIHO, 110 IIi )X METOAU MOXYTh
OyTH BUKOPHUCTaHI JIJIsl IIBUJIKOTO BIJHOBJIEHHS Ta 3HUKEHHS MOTPEOU Y TPUBAIIOMY
MOHITOPUHTY Ta 4aci rnepedyBaHHs B CTAI[IOHAPI 1 TPH TAKUX BEJIMKHUX OIEpaIlisiX, K
rictepektomis [7].

HenmoctaTHe  KOHTpPONIOBaHHS  IEpeONEpariiHoro  OOMI0  3aMIIAETHCS
npoOaemoro aotenep. Pe3ynbratu ABOX BEIMKUX IOCHIIKEHb, TpoBeneHux y CIIA,
BKa3yloTh Ha Te, Mo 70—83% mamieHTiB TepHnUTh OLIb MPOTITOM 2 THXKHIB TICIIS
XIpypriunoi ormeparii. 3HWKEHHS BIAUYTTS  OOJII0 € I1HTErpajbHOK YaCTUHOIO
I[OJICHHOTO XIPYPridYHOTO JIKyBaHHS, OCKUIBKM HE TUIBKA MIHIMI3Yy€E TEpIIiHHS
Mali€HTa, MOKpaIlye SKICTh HOro JKHUTTS, 3MEHIIye TepeOyBaHHS TaIll€eHTa ¥
HInuTaN, a i 3MeHye (piHaAHCOBI 3aTpaTv Ha JiKyBaHHs. OnTuMizalis JIKyBaHHS
XBOpUX SIKI CTPaXJAarOTh Ha TOCTIHHE BIMUyTTS OONIO 3aJeKHUTh BiJ KIUTBKOX
YUHHUKIB: BIJ] OpraHi3allii cJIiy»KOu JIIKyBaHHS TOCTPOro OO0, HaBYaHHS TAIlI€HTIB,
BIl PEryJspHOrO0  MIJBMINEHHS  KBajiQikamii  NEepCOHaNy, 3acCTOCYBaHHS
MYJIbTUMOJIAJIbHOI aHanre3ii  [8].

He Bapro 3abyBatu mnpo Oulb, SKHIl CyNpOBOKY€ TAILI€HTIB IiJ 4Yac
XIpypriyHOTO JIIKyBaHHS. 3 TMOSBOI0 HOBUX 3HEOOTIOBALHUX Mpenaparis, 3aco0iB
3HEOOJICHHSI Ta TEXHOJIOTIN JOCTaBKM AHECTETHKIB 1 aHAJIBIETUKIB 3HAYHO 3POCIH
MO>KJIMBOCTI METULIMHU Y JIKyBaHHI OO0 Ta MATOJOTTYHUX MPOLECIB, CIPUUYUHEHUX
XIpypriuaoro TpaBMoro. OgHUM 13 JecaTh 0a30BHX IpaB, MOB'A3aHUX 13 OE3MEKOI0
Maii€eHTa, € MpaBO Ha YCYHEHHs MiCJISIONepaliiHoro 0o0Jit0, 10 3aTBEP/KEHO B
I'enbCiHCBKIN AeKiapalrii. 3aBJasSKd BU3HAHHIO y CBITI BOXKJIMBOCTI Ta YCBIIOMJICHHIO
HEJIOOLIHKU TPO0JieM, MOB’A3aHUX 13 TOCTPUM OOJieM, 32 OCTaHHI TPUILSTH POKIB
OyJ70 3amporOHOBAHO MPUHIMIIOBO HOBI MIIXOAU Ta PO3POOJIEHO 1 aJanToBaHO
HaIllOHAJIBH1 TPOTOKOJIU MO0 KOHTPOIIO OO0 13 MO3UIIiT 10Ka30BOi MeAUITUHY [9].

[TokpamieHHss XipypriyuHoi Ta  aHECTE310JIONIYHOI  TEXHIKH, Cy4acHOro
MEJIMKaMEHTO3HOTO 3a0e3neveHHs, YIOCKOHAJICHHS nepuoIepaIinHoro
aHEeCTE310JIOTIYHOTO0 MEHEKMEHTY 3a0e3Meunin sIK PO3IIUPEHHS TOKa3aHb 0
XIpypriyHOTO JIIKYBaHHS XBOPHX 13 3JIOSIKICHUMH HOBOYTBOPEHHSMH MAaTKH, TakK 1
CIPUATIUBUI Tepeldir nmepuornepaiiinoro nepioay. Ilpu npomy ycmix Xipypriaunoro
JIKyBaHHS TAIlI€EHTIB 3 PakOM TiJla MaTKU 3yMOBJICHUI HacaMIiepe] ONTHMI3alli€ro
MpOTpaMHM MepeaoIepaliiiHol MirOTOBKH Ta aHeCcTe31010r1yHoro 3a0e3neueHHs [10].
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HeedexktuBHe mikyBaHHS  MICISIONEpAlifHOrO OO0  CYNPOBOKYETHCS
30UIBIICHHSM KaTabojai3My Ta MOoTpedu y KHUCHI Micis omeparlii iMMoOiiizarlii,
YIOBUIbHEHHSIM (DYHKI[IOHAJLHOT'O BITHOBJICHHS MAII€HTA, MOCIA0JIEHHSIM KHUIIIKOBOI
MEPUCTANBTUKHU, 3POCTAE€ PIBEHb PECIIPATOPHUX Ta CEPIIEBO-CYIWHUX YCKIIAJIHCHD,
10 MPUBOJIUTH JO 30UIBIIIEHHS CMEPTHOCTI Y paHHbOMY Ta BijgmanenoMy (30 mo6GoBa
JIETANBHICTB) MICIIONEePaIIfHOMY MEeP10/11 OHKOXIpYpriuHuX xBopux [11].

Takum 4yuHOM, JUIsl SKICHOTO, O€3MEYHOr0 Ta MAaKCHUMAaJbHO IIBUJIKOTO
JIKyBaHHS TAIIEHTIB 3 BAKKUM IpeMopOigHuM (hoHOM HeoOximHa 30amaHcOBaHA Ta
y3rojkeHa poOoTa BCIX YYaCHUKIB y JIIKyBaHHI MaiieHTa cmiBpoOiTHUKIB. CydacHi
TEXHOJIOT1l XIpypriuHOro 3a0ecIeyeHHs, B OCHOBI SIKO1 JIGKUTh MYJIbTUMO/IaJbHA
aHanresis, BUXOJWUTHh Ha MEPIIMI TUTAaH 1B 3arajbHIi Xipyprii, 1B OHKOXIpYprii,
OCKUJIbKH JI03BOJISIE HE JIMIIE 3MEHIIUTH Oulb 0€3 BUKOPUCTAHHS OIIOiNiB, a i
INPUCKOPUTH BIAHOBJICHHS TMAlli€HTa 3a MIHIMAJIbHOI KUIBKOCTI MOOIYHUX €(]EeKTiB.
Taka KoHIemNIsT BEAEHHs TMaIlieHTIB Oyja po3poOsiieHa Ta OTpuUMajia Ha3BY
«IpUCKopeHa pealumiTanis micis xipypriudoro jikyBaHHs» (Enhanced Recovery
After Surgery — ERAS), abo «mpuckopene BinHoBieHHs » (Fast-track surgery) [12].

MeTta JgociHigKeHHSi: TIOPIBHSATA Ta OI[IHATA BIUIMB JBOX METO/IIB
aHECTE310JI0TIYHOTO 3a0€3MeUeHHs IPU EKCTHUPIIAIli MaTKH 3 IOJaTKaMHU y 3B’SI3KY 3
pPaKoM T1LJIa MaTKH, Ha XapaKTep MMICIsIonepariiHoro 3He00JICHHS Ta BITUYTTS OOJIIO.

006’exTH | MeTOAH TOCJTiIZKEHHS

JlocmpKyBaHHS SIK€ MPOBOJUIIOCH BIJATOBIIAIIO E€TUYHHUM CTaHAapTaMm Hamoi
YCTAHOBM IIIOJI0 TMAIlI€EHTIB, a Takoxk I enbciHChKOi neknapanii. Habip mnaiieHTiB
pO3MOYay TiJ Yac MepenonepaiifHoro Bi3UTy 10 YHIBepCcUTeTChKoi KiiHIkH. J[o
JTOCIDKeHHST OyJ0 BKJIIOYEHO 87 TIHEKOJOTTYHMX XBOPHUX SKUM OyJia BUKOHAHA
eKCTUpIALlig MaTKU 3 MPHUIATKaMU Yy 3B’SI3Ky 3 pakoM Tijda MaTKu. Yci xBopi Oynu
roCHiTa i30BaHl y XIpypriuHe BIIAUICHHS YHIBEPCUTETChKO1 KIIHIKH (OIeChbKOTo
HalllIOHAJIBHOrO MeIMYHOro yHiBepcutery. CepenHiil Bik ociO | rpynu craHoOBUB
54,3+7,6 pokis, oci6 Il rpynu - 51,7+5,2 pokis. JloonepaitiiiHe cTaaitoBaHHSI paKy
TiJIa MaTKU po3noAunuiv TakuM yuHoM: Cr corporis uteri St [A — 44 xinok (52,62%
BiJ 3arayibHOi KibKocTi oci0); Cr corporis uteri St IB — 28 (32,24%); Cr corporis
uteri St [IA — 9 (10,40%); Cr corporis uteri St IIB — 6 oci6 (6,89%).

Ta0umus 1 - /laHi nauni€eHTiB, OTPMMAaHI 3 KAPT NALICHTIB

I'pyna I (n=44) I'pyna II (n=43) | P 3Ha4eHHA

Bik 54,3£7,6 51,7+5,2 NA
Ominka ASA (IV/II/TV) 3/38/3 2/39/2 NA
CymyTHI 3aXBOPIOBaHHS

INineproniuna xBopoba 38 (90%) 32 (76%) NA
Imemiyna xBopoba cepiis 14 (31%) 12(28%) NA
CepluieBa HEJIOCTaTHICTh 13 (29%) 11 (26%) NA
ITykpoBuii giader 4 (9%) 3 (6%) NA
XpoHiuHE 0OOCTPYKTHUBHE 11 (25%) 9 (21%) NA
3aXBOPIOBaHHS JIETCHb

Ilpumimku: oani npedcmasieHi K cepeOHe £ cmanoapmue BiOXUNEHHS, YUCIO AOO0 YUCIO
(6i0comok).
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Y  OupmIOCTI JKIHOK JOCHIIKYBaHOI TPYNH BHUSABIECHO EKCTpareHiTajabHY
MaTOoJIOT1I0 SIK1 OYyJIK y3arajabHeH1 B Tadamui 1.

Bcei xBopl KIHKM OyJIM CIIBCTABJIEHHI 3a BIKOM, CYIyTHBOIO IATOJIOTIEID Ta
00’€MOM KpPOBOBTpATH, sika y 1 Ta 2 rpymni 1O0CTOBIPHO HE BIJIPI3HSIIACK.

I (ocmoBna) rtpyma — 44 xBOpUX Ha paK TiIa MaTKd, SKI OTPUMAIH
MYJIbTUMOJIAJIbHY 3arajibHy aHecTe31l0 3 IHTAIALIMHUM aHECTETUKOM y TMO€IHAHHI 3
eMiAypabHOIO aHAJNTe31€0 sKa Oysa MPOIOBKEHA y MicIsonepaifHOMy Hepiozl .

VY rpymi 1 Ha oneparniiHOMy cToui mpoBoAwH 1HGY3110 (6-10 MiI/Kr Macu Tijna)
KPUCTQJIOIIHUX PO3YMHIB. Y TIOJIOKEHHI XBOPOTO CHUJSIYM Yy BHOpaHOMY
MDbKOCTHCTOMY TIpoMiKKy Ha piBHI Th IX-XI myHKTyBanmm emigypanbHHI TIPOCTIp,
KaTeTep OPIEHTYBAIU Yy KpaHIaIbHOMY HampsMKy Ha rimbuny 3-5 cm. Ilicns
BBeIeHHS TecT-103u 40 Mr migokainy 3a 25-30 XB 10 po3pi3y B karerep BBoAwH: 0,5
% po3unHy OymiBakaiHy — 5 mi 6odicHO Ta me 10 mi iHy3yBanacs 31 mBHUAKICTIO 20
mi/roa.  LIBuakicTe BBeleHsS 3HMIKyBatacs 10 4-6 MI/TOAUMHY 3al€XHO BiJ
MOKa3HUKIB TeMOJAMHAMIKU Ta OOIUpPHOCTI omnepailii. PiBeHb cuMmatudHoro OJOKy
Hamaranucs noBogutu A0 Th 7-8. Innykiis 3aiiicHioBanacs npomnodosom 1% y mo3i
2 wMr/kr Baru, TOTIM Ha (OHI BBelIeHHS MiopenakcaHTiB (Tpakiym 0,6 Mr\kr),
BUKOHYBajlacsa 1HTyOarliss Tpaxei. EHmoTpaxeaJlbHO MPOBOAWIN  IHTAJISALIIO
cesoropanom 1.8 - 2,2 06% % (0,4-0,5 MAK), a Takox BHYTpIIIHbOBEHHE
BBeneHHs 0,005% po3umHy (¢eHTaHUTy B TpaBMaTH4YHI MOMEHTH oOfmeparii 3a
nokazaHHsMu.  llicasonepauiiiHy — aHanres3ito  3[1MCHIOBaIM  O€3MEepepBHUM
BBEJICHHSM B €MiAypaibHUI MPpoCTip po3unny OymiBakainy 0,25% 31 mBHAKICTIO 5.2
+/— 2,4 MJ1 Ha TOIMHY, SIKa MPOJIOBXKYyBajlach Ha NpoTs3l 48-72 roguHu.

II (konTponpHa) rpyma — 43 XBOpuUX Ha paK TUIa MAaTKH, SKI OTPUMAIHU
Xipyprigyde JIKyBaHHS Y CYINPOBOAl IHTAISAIINRHOI aHecTe3li 3 BUKOPUCTAHHSIM
ceBo(opany Ta omioinHoro anaibretuka ¢enranuia 0,005 %. IHayxiis
3niiicHioBanacsi npomnodonom 1% y mo31 2 Mr/kr Bard, motiM Ha (OHI BBEICHHS
MiopenakcaHTiB (TpakiyMm 0,6 Mr\kr), BUKOHyBanacs 1HTyOaris Tpaxei. [ami
IpoBOAMIACS CHAOTpaxeajdbHa IHrajsAmis ceBoduopany 2,5-3,3 06% (0,7-0,8
MAK), migx yac HalOUIbII TpaBMAaTMYHHUX €TalliB omepallii, 3 ypaxyBaHHIM
BEreTATUBHUX PEAKI[iil Ta MOKAa3HMUKIB T'€MOJMHAMIKH, JOAATKOBO 31HCHIOBANIOCS
BHyTpiliHbOoBeHHE BBeaeHH 0,005 % po3unny deHTaHTy.

B 060x rpynax BukopuctoByBasiu ERAS-niporokon:

[Ipemeukaiiirto HanmepenoHI BBeUepl HE MPOBOAMIM, JO3BOJSIIOCS BXKWBAHHS
200 M mpo30puX PiaUH 3a 3 TOJUHM, a TBEPOi 1KI — 32 6 TOaUH 10 omneparii. [
npo(diTaKTUKH BTOPUHHUX TPOMOOEMOONIYHUX YCKIAAHEHb 3a 12 TroaMH [0
ONEpPAaTUBHOTO JIKyBaHHS Ta 4epe3 4 TOAUHU TICIA XBOPUM  BBOJIWIH
HU3bKOMOJIEKYJIIpHUH renapu (eHokcanapul 40 mr n/k) [13].

Y ocHOBI JiKyBaHHS TicisonepaiiitHoro ©0oxo B 000X Trpymax OyB
3aCTOCOBAaHUN MYJIbTUMOJAIBHUN MiAXiaA 3HEOOJEHHS, B OCHOBI  BUKOPHUCTAHHS
aKoro Oynu 3acTocoBaHl Taki mpemapatd sak: MopdiH 1%, mnapameramon
(aretaminoden), Hedornamy TiIpOXIOPUIY.

PiBens 6010 OIIHIOBABCS 3a Bi3yalbHOIO aHajaoroBoro mkanow (BAII), mus
KOXXHOTO TaIlieHTa 3 000X TPYIL.

HopmainbHicTh po3noaiuiiB nepeBipsuin 3a gornomMororo kpurepito [lanipo-Binka.
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[TapameTpuuni gadi Oysu MpeACTaBICHI K cepeaHe + cTaHgapTHe BigxwmieHHs (SD),
HemapaMeTpUyHi JaHl OyJu mpeicTaBieHl sk Mmeniana £ SD, a KaTeropuuHi jJaHi
Oynu mnpencrasieHi gk uuciio (%). [lapamerpuuni nani (Bik, mnepeOyBaHHS B
CTaIllOHapi, a TaKOX TPHUBAJICTh MICISONEPAIIHOrO JIKyBaHHS) aHAII3yBaJId 3a
ngonoMorow t-recty CThIOIEHTa, HemapaMeTpHuHl JaHl (TpUBAIICTh OMEpallii,
3HAUYEHHS apTeplaibHOTO THCKY, 3HAYCHHS YacTOTH CEPIEBUX CKOPOYCHbD,
BHYTpPIIIHHOBEHHE BBEJICHHS PIIWHU, BUILJICHHS CE€Yi, BUMAIKU T'€MOJMHAMIYHUX
YCKIAAHEHHh Ta Oaiy 3a mKalol 0oii), aHami3yBaaw 3a jgomoMoror U-tecty
Manna-VYiTHi, a kKaTeropuuHi aani (ctath 1 6anu ASA) a”amizyBaiu 3a JOMOMOTOIO
KpUTEPII0 XI-KBaJpaT. 3B’SA30K MK O€3lepepBHUMU 3MIHHUMH, TaKUMHU SIK
BHYTPIIIHHOBEHH] PIAMHU a00 BUIUICHHS C€Yi, 1 TPUBAJICTIO OIepallii aHaIi3yBaIu
3a gomomororo aucnepciiinoro anamizy (ANOVA); P<0,05 BBaxanau CTaTUCTHUYHO
3HAYYIIUM.

Pe3yabTaTn 10CHiTAKEHHS

Pesynprath 1o OynM  OTpUMaHI  XapakTepU3yBaJMCA  CTaOUIbHIIIMMU
MOKa3HUKAaMU LIEHTPAJIbHOI FeMOJANHAMIKA Yy MaIlieHTiB 1-1 rpynu Ha mpoTs3i Beiel
onepauii. ¥ 2-iii rpymni MNami€HTIiB CIIOCTEPIragocs KOJIMBAaHHS apTEPiaIbHOrO THCKY,
Ta TOTpiOHa Oyla J0JaTKoBa aHAIre3isi  HAPKOTUYHUMHU aHaJbI'eTHKAMU Ta
noryMOJIeHHsT  piBHS  aHecTe3li. 3MIHHM  1HTpaomnepariiHoi  TeMOJMHaMIKU
y3arajlbHeHO B Ta0Juui 2. 3HIKEHHS CEpEeIHBOr0 apTepiaJbHOTO THUCKY JOCATAIIO
35-45% y 2 mamienTiB B I rpymni Ta y 4 namienti B Il rpyni (P=0,0002). i mamieatn
noTpeOyBajal BHYTPIIIHBOBEHHOI'O BBEACHHS HOpAJIpeHalliHA Ha JOJATOK [0
BHYTPIIIHLOBEHHUX KoNOiMiB. He Oymo BumaakiB rimepreH3ii, Taxikapaii du
Opaaukap/ii.

Tab6auus 2 - TpuBaJicTh onepauii, NOKAa3HUKHA reMOJINHAMIKH TA YCKJIAAHEHHS,
3apeecTpoBaHi mia yac onepamii

I'pynal I'pyna II
(n=44) (1=43) P 3Ha4YeHHA
CepenHs TpUBAIICTH omnepariii (XB) 128+37 140+31 NA
CepenHiii apTepiaIbHAA TUCK (MM PT. CT.) 72412 84+17 NA
CepenlHs 4acToTa CepleBUX CKOPOYCHB (Y/XB) 68+15 72+12 NA
MeniaHa BHYTPIIIHBOBEHHOI PiAMHU (M) 1450+615 12754485 NA
CepenHiit oocsar ceui (M) 415440 370£50 NA
KinbkicTh emi3o/1iB rinoTeH3ii 4 (9%) 2 (4,6%) NA

Ilpumimku: oani npedcmasieni ik cepedHe £ cmanoapmue IOXUIeHHs. a00 YUCIO (8i0COMOK).

Meniana  BHYTpPIITHbOBEHHOL

piauHu

i

omepartii

3r1HO

aHEeCTe310JI0TYHOI KapTh 000X rpyl HauieHTiB cknana 1362+550 mn (P=0,9), ne
namieHtd | rpynu orpumanu Ha 12% piguau Oinbiie, a HiX namienta I rpymnm.
Brpara piguaun mig 4Yac mnepefonepaniiHoOro TroJIOAYBaHHS —PO3paxoByBasacs
BIJIMOBIAHO /IO MacH Tima marfieHTta. IlamieHTH oTpuMany MOJIOBUHY IIBOTO 00’ €My
IPOTSTrOM TEepIIoi TOJUHM OTepallii, a iHIIy TOJOBUHY — MPOTSITOM HACTYIHUX JBOX
roguH. TakuM YMHOM, BHYTPIIIHbOBEHHA piIUHA, BBEJEHA MiA yac omeparii, Oyia
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OpsIMO TPOMOpIiHHA TPUBAJIOCTI OMepallii, SK IPOaHaIi30BaHO 3a JIOMOMOTOIO
ANOVA (P<0,0001). Yci naieata orpumanu 500 Myl BHyTPIITHLOBEHHOT'O KOJIOIIY,
a pemiTa BHYTPILIHBOBEHHUX pIAUMH — po3uuH PiHrepa. Pe3ynbraty moroguHHOTro
BUJIUICHHS C€dl IIiJ 4Yac ormeparii MokKasajd, IO BCl MHallleHTH Majaud 1 Mi/Kr
BUJIJICHHSI CeYl MIcJsl MEepIoi FOJAWHU omepalli, 1 He OyJI0 ICTOTHOI PI3HULI MIX
rpynamu (P=0,8).

Cepenns kpoBoBTpara B 1-i rpymi ckiana 210 =350 m (200+/-25 mn), y 2-i
rpymi — 240— 365 miu (260+/—35 MiT), 3aCTOCOBYBAJIM METOJ 3BaXKYBaHHS CEPBETOK.
[Ipy opHAKOBIM TPHWBAJIOCTI OIeEpaliii TPUBAJIICTh BIIHOBJICHHS CBIJIOMOCTI B
JTOCHIKyBaHUX Tpynax craHoBuia 8,1+/-2,1 ta 21,3+/-5,1 xB BiANOBIAHO, TOOTO B
3,5 pa3u KOpOTIIE 3a BUKOPHUCTAHHS IHTASIINHOI aHecTe3ii ceBOGIIOpaHOM Y
MOEIHAHHI 3 eniypalibHOI0 aHecTe3ieto. [lopsy 31 3HMKEHHAM noTpedu y GpeHTaHu
(0,85+/-0,4 wmxkr/kr/ron 'y 1 rpym Ta 3,42+/-0,65 w™kr/kr/ronm y 2 Tpymi),
CIIOCTEpIrayiocsl 3HMKEHHS MOTpeOM y MIOpeslakCaHTaxX y MepIni rpymi (BuUTpaTa
aTpakypiymy cranoBuia 0,35 +/— 0,1 mr/kr y 1 rpymi ta 0,5 +/-0,1 mr/kr y 2 rpymi),
a Takox Oyio 3HmxkeHa norpeda y MAK cesopany (1 rpyna 0,4-0,5 +/— 0,2 MAK, 1
rpyna 0,7 - 0,8 +/— 0,1 MAK).

VY nepmry nmoOy micns omepaitii 47 XBOpUM TMEPIIOi TPynu HE MOTPiOHO OyIio
BBEJICHHS HAPKOTUYHHUX aHAIreTHKIB. Yepe3 3 TOAMHM OIiHIOBAJIACh IHTEHCUBHICTD
6omi y xBopux. [le >xomHa i3 XBopuxX He BH3Hadana HecTepmamid 61 (BAL 9-10
O1I1iB), @ TAKOXX 5 XBOPHUX BiJI3HAYAIU CKAapru Ha OUIb CEPEeHbOI IHTEHCUBHOCTI (6-8
OoamB 3a BAIIl), npu 30uiblieHH]I MBHAKOCTI 1H(Y31i OymniBakaiHy OO0JbOBHIA
cuHapoM 3MmeHITyBaBcs, 10 xBopux — cnadkwuii (BAILLL 3-5), Ta 30 xBopux BU3HAYAIH
He3Hauny Outb (BAI 1-3). ¥V 2-if rpymi 5 XBopux micisg onepailii yepe3 3 roJuHu
BU3HAJIM IHTEHCUBHICTH Oomi0 Ak HectepnHy (9-10 OamiB 3a BAIL), Ta sxkum
npu3HayaBcs MOpQiH 1% B\M, Mmiciig SKOTO 1HTEHCHBHICTH OOJIIO 3MEHINyBajach, a
TaKoK 5 XBOPUX BIJ3HAYAIM CKapru Ha OLIb CEpelHbOi IHTEHCUBHOCTI (6-8 OaniB 3a

BAII), 15 xBopux — cnabkuii (BAII 3-5), Ta 5 xBopuX BU3HAYaIM HE3HAUHY OUIb
(BAIII 1-3).

30

s 20
o
7]
x 10 - ﬂ-
0
BALL 2-3 BALLI 3-5 BALL 6-8 BALLI 9-10
BALL 2-3 BALL 3-5 BALL 6-8 BALLI 9-10
BElynal 30 10 6 0
Elpyna2 5 1 s 20

Puc.1 Ouinka nm\o 00s1i y XBOopux 4epe3 3 roaMHM MicJIs onepaii.

Uepes 24 roaunu micis oneparii, Oysa BiIMIY€HA TEHJICHIS J0 3MEHIICHHS
MICISONEpaitHOr0 OO0 Y KOXKHIN 13 TPYII, ajie MaIl€EHTH MEePIIOol TPYNH BiAMIYaIn
Outbl KoM@popTHe camornouyTTs, Ta yci 100% Oynu mepeBeaeHi A0 XIPypriuHoOro
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BIJUTIJICHHS JJISI TOQJIBIIIOTO JTIKYBaHHS.

Y 1-ii rpyni He Oyjo XBOpHX SIKI BHU3HAyajdud IHTCHCUBHICTh OOJIIO SK
HectepnHy (BAIII 9-10), 1 xBopuii xapakrepuszyBaB Oulb CepeAHbOI IHTEHCUBHOCTI
(BAIII 6-8), 13 xBopux ommcyBaiu Ouib sik cnabky (BAILL 3-5), ta 30 xBopux
BHU3Haualu He3HauHy Outb (BALLL 1-3) .

VY 2-if rpymi 1 xBopa micis omepariiii y nepiry 100y BH3Ha4daia IHTCHCUBHICTh
oomo sk HectepnHy (BAIII 9-10), 11 xBopux KOHCTaTyBajiu OUIb CEpeaHBOI
inTencuBHocTi (BAILL 6-8), 21 xBopmx — cnabkuii (BAIIL 3-5), ta 11 xBopux
BU3HaYaM He3Hauny 011 (BAII 1-3) (puc. 2).

ITig wac HAIIOTO AOCIIKEHHS HE OYyJI0 CTaTUCTUYHO 3HAYYIIMX BIIMIHHOCTEH
MIDX TAI[IEHTAMU, K1 OTPUMYBAJIM Ty 4M 1HITY (popMy aHecTe3ii, 3 TOUKH 30py BIKYy Ta
CYIMYTHIX 3aXBOPIOBaHb. T pUBaJICTh NEPeOyBaHHS B JIIKAPHI ICTOTHO HE BIAPI3HAIACA
mix rpynoto I (5,1£1,3 guiB) 1 rpynoto 11 (6,2+ 1,2 aniB), ane Bce X Taku maieHTH |
IPYIH BiAUyBajid cebe JCIIo Kpalle B KIHI JIKyBaHHS, Ta OyJM CIIPOMOXKHI Maiixke
Ha 700y paHille BUTHCATUCH JI0JOMY.

Takoxx y rpyni I, He BUKOPUCTOBYBAJIHWCH OINOiJHI AHAJIBIETUKH Y
nicasionepaliitHoMy nepiojii, Ta yepe3 24 roJuHU Micias omneparii, Oyna BiaMideHa
TEHJICHITIS JI0 3MEHIICHHS mMicisomnepaniinoro Oomo Ta Oute  KoMdopTHE
CaMOIIOYYTTS.

205
[=]
7]
4 - J
p— = =W

BALL 2-3 BALL 3-5 BALL 6-8 BALL 9-10
BALL 2-3 BALL 3-5 BALL 6-8 BALLI 9-10
Elynal 30 1] 1 0

W lpyna2 11 21 11 1

Puc.2 Ouinka nm\o 0011 y XBopuX 4epe3 24 roavHu micJiA onepanii.

BucHoBok

JlocmmkeHHss ske OyJo TPOBEACHO II0Ka3ajl0 HaM, 10 IOPiBHSIHO 3
IHTAIAIIMHOK — aHecTe3l€l0, MyJIbTUMOJAjbHAa  aHeCcTe3is, B OCHOBI  fKOi
3aCTOCOBYETHCS CHiTypalbHA aHANre3is y MaIi€HTIB 3 JIarHO30M pak TiJla MAaTKH,
3a0e3nedye Kpalil KOHTPOJh OO0 Ta MPUIIBUIIIYE Yac aKTUBI3aIlli IMiJl Yac
MICIAONEPaIiitHOTO BIIHOBJICHHS MICIIS FCTEPEKTOMII.

MynbTUMOJIaIbHA aHECTEe31sl SK METOJa aJCKBaTHOTO aHECTE310JI0TTYHOTO
3aXMCTy XBOpHUX, SIKMI crpuse OUIbIl KOM(OPTHOMY CaMOMOYYTTIO XBOPUX Y
HiC/sIONepalifHoMy Mepiofl XIpypriyHOro JIIKYBaHHS, 3a PaxXyHOK 3MEHIICHHS
BIIUYTTs OOJIIO TICIIS ONEPAaTUBHOTO BTPYYaHHS, Ta CIPHUSE 3HWKEHHIO TOTped y
BUKOPHUCTAHHI HApKOTUYHUX aHAIbIE€THUKIB, MPUCKOPIOE TPOLIEC OMYKAHHS MICIIs
orepartii.
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[TopiBHIOIOUM ABa PI3HUX METOAM AHECTE310JIOTIYHOTO 3a0e3MeyueHHsT MPHU
ricTepeKkToMIl 3 MPUBOAY paka Tila MaTKH, Ta aHATI3YIOUM OTPUMaH1 pe3yibTaTh
J03BOJIsIE PEKOMEHIyBaTH
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Abstract. The article is devoted to the search for the most effective method of analgesia in
patients with cancer of the body of the uterus, to optimize the use of multimodal tactics of anesthetic
provision, which would help improve postoperative recovery and reduce the number of
complications.

Having assessed the experience we gained in providing anesthetic provision, we compared
the effectiveness of the multimodal approach, which is a component of the ERAS strategy, using
inhalation anesthesia and epidural analgesia, before general inhalation anesthesia without
regional methods of anesthesia. We also assessed the impact of multimodal tactics on the control of
postoperative pain and the speed of recovery in patients who underwent hysterectomy due to cancer
of the body of the uterus. We studied 87 female patients with a diagnosis of Cr corporis uteri.
Group I (n=44) used a multimodal approach and used inhalation anesthesia and epidural
analgesia, and group Il (n=43) received inhalation anesthesia without the use of regional
anesthesia methods. Pain assessment was performed for all patients daily during rest and activity in
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the postoperative days until discharge from the ward using a numerical rating scale of pain, the
amount of opioid analgesia and the time of stay in the clinic were also assessed. According to the
records of the prescription letters in the postoperative period, opioid consumption 24 hours after
surgery was significantly lower in the standardized mean difference of group I, which received
continuous epidural infusion of 0.25% bupivacaine at a rate of 5.2 +/- 2.4 ml per hour. Some
differences were noted in the length of hospital stay, perioperative blood pressure variability, and
the incidence of perioperative hemodynamic complications. Multimodal anesthesia and
postoperative epidural analgesia provide better postoperative pain control compared with general
anesthesia and systemic analgesia, with similar effects on hemodynamic status. This method offers
adequate anesthetic protection and comfortable conditions for the patient during treatment, by
reducing postoperative pain, reducing the need for narcotic analgesics, and accelerating the
recovery process.
Keywords: multimodal anesthesia, epidural analgesia, uterine cancer.
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MODERN CANCER PREVENTION STRATEGY IN THE CITY OF ODESA:
NEW CONCEPTION AND PERSONIFICATED APPROACH
Rybin A.L,
Kuznetsova O.V.
Odesa National Medical University

Summary. The authors analyse the state of cancer care in Ukraine and its future trends,
taking into account the impact of the war. The paper highlights and analyses the current aspects of
the problem of early diagnosis of cancer against the background of reforming medicine in general
and the oncological service in particular. The main problems of the oncological service in the
region and the state of the organisation of diagnosis of malignant pathology by family doctors are
shown. The experience of solving the main problems of the lack of high-quality oncological
diagnostics, oncological prevention and interaction between primary and other levels of
oncological care at the level of Odesa is presented, and a modern approach to improving the state
of the oncological service in the region is proposed. The main vectors of development of the
oncological service in the framework of healthcare reform in Ukraine are described.

Key words: oncological service; oncological diagnostics, oncological prevention, family
doctor, oncological awareness, vaccine prevention.

Today, especially during the full-scale invasion of our country by the enemy, the
preservation and promotion of the health of Ukrainian citizens is one of the most
important and urgent conditions for the country's progressive socio-economic
development. The high level of morbidity, disability and mortality, difficulties in
diagnosis, the need for mass screening activities, and complex and expensive
treatment make malignant tumours one of the most socially significant problems in
modern society.

Despite the development of strategic programmes to improve the effectiveness
of cancer care, increased funding for the healthcare system in general and oncology
in particular, mortality (as well as morbidity) has increased significantly, especially
over the past two years of the war, taking into account stress as one of the main
triggers of the oncological process. A modern oncology development strategy should
be an integral part of a comprehensive national healthcare strategy. It should be noted
that strategic planning and implementation of the cancer control programme should
be based on monitoring, evaluation and review of the development process and its
effectiveness as a basis for obtaining information, results and, of course, reporting.
Since independence, Ukraine has implemented three state targeted programmes
aimed at combating cancer in children and adults: the State Programme Oncology for
2002-2006, the State Programme Paediatric Oncology for 2006-2010, and the
National Programme for the Control of Cancer for the period up to 2016. In addition,
in 2008, the National Cancer Institute developed the programme ‘50 Steps to Fight
Cancer in Ukraine’. However, all of these measures, or rather the funds allocated for
the implementation of these programmes, concerned only the procurement of
medicines, expensive equipment and consumables. A significant number of tasks
related to the primary and secondary prevention of malignant tumours, screening,
early diagnosis, development of scientific research, social, labour and psychological
rehabilitation, and control of the cancer epidemiological situation were left behind.
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As a result, despite the rather large amounts of funding, the indicators characterising
the effectiveness of the cancer fight have remained unsatisfactory for more than 30
years.

The incidence of cancer in Ukraine in 2022 was even higher compared to 2021,
with Ukraine ranking among the top ten countries in the world by this indicator
(388.2 cases per 100,000 people; in 2019 alone, 138,509 men and women contracted
cancer). The highest incidence is in Kyiv, Kirovohrad, Sumy, Kherson and
Zaporizhzhia regions (446.2-433.4). In 2020, every fifth case of malignancy in
Ukraine was detected at an advanced stage. The mortality rate is 171.8 cases per 100
thousand people, which is 61,289 deaths in just one year [3].

Insufficient public awareness of the risks of developing cancer, low participation
in screening programmes; insufficient vigilance of primary care physicians and the
lack of effective retraining programmes; imperfect psychological, social and legal
components of a healthy lifestyle require intensified educational and preventive
measures.

Today, cancer is one of the most pressing and unresolved medical problems of
humanity. People from all continents and countries, rich and poor, men and women,
develop malignant tumours. Unfortunately, the prospects are still bleak. If the
incidence rate continues to grow, by 2030, according to WHO forecasts, the number
of people who will be newly diagnosed with cancer will reach 27 million, 17 million
people will die of cancer, and 75 million people will be carriers of this pathology.

In 2017, WHO Director-General M. Chan expressed the opinion that neither
money, nor equipment, nor the best intentions can ensure sufficient progress in
healthcare if there are no systems capable of providing timely and adequate medical
care to those who need it most. These words fully apply to oncology. Unfortunately,
today in Ukraine there is no scientifically based state document created by the
programme-target method that would define the national policy and strategy in this
area and reflect national needs and priorities. In essence, this programme should
contain a realistic assessment of available resources and define a vision of the future
of our medicine in general and oncology in particular.

This state of the problem leads to the fact that the effectiveness of medical care
for patients with malignant tumours leaves much to be desired. Ultimately, this
affects the life expectancy of the country's population and is a consequence of
economic development, scientific progress in medicine, an increase in the educational
level and general culture, the elimination of class and other a priori, non-economic
inequalities, and effective and successful public policy. However, today it is
necessary to clearly define the ways and methods of development of the healthcare
system of Ukraine, not just medical care. Without this, it is impossible to achieve the
goal of increasing the life expectancy and quality of life of the Ukrainian people and
enhancing human potential.

It has long been known that cancer morbidity and mortality depend on
geography and vary significantly from continent to continent and country to country.
This is primarily due to the availability of anti-cancer treatment methods. 90% of
cancer deaths occur in developing countries [2]. Depending on the level of economic
development, experts from the World Health Organization (WHO) distinguish
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between countries with low, medium and high levels of healthcare resources.
Naturally, cancer priorities in these countries are different. In Ukraine, resources are
limited in quantity, quality and accessibility, there are problems with their
distribution, problems with the organisation of cancer care and problems with the
correct choice of directions for the development of the oncology service [8]. It is
important to understand that the cost of cancer treatment is constantly growing and is
likely to continue to rise. For example, the cost of treating one cancer patient per
month with modern drugs already reaches USD 10,000. The total cost of treatment in
complex cases can exceed hundreds of thousands. According to WHO experts, the
more limited the available healthcare resources, the more emphasis should be placed
on early diagnosis, outpatient treatment and short-term therapy. The development of
high-tech cancer treatments in such countries should go hand in hand with
government incentive programmes for prevention and early preclinical diagnosis.
This 1s called cancer screening [1, 9].

According to the updated data of the National Cancer Registry of Ukraine, in
2022, 135,714 new cases of malignant neoplasms were registered in Ukraine; the
overall crude cancer incidence rate was 375.6 per 100,000 people, including 386.2 in
men and 366.3 in women [4, 5]. Compared to 2015, the overall incidence of
malignant neoplasms did not change significantly and reached 345.2 per 100
thousand people according to the standardised indicator (Ukrainian population
standard). In 2016, the highest incidence rates in the male population according to the
standardised indicator were observed in Zaporizhzhia, Kirovohrad, Mykolaiv and
Kherson regions (463.3-492.8 per 100 thousand men). In the female population, the
highest incidence rates were recorded in Zaporizhzhia, Kyiv, Kirovohrad, Sumy
regions and the city of Kyiv (325.9-364.5 per 100 thousand women) [3, 4]. There is
no doubt that the absence of Odesa Oblast among the leaders in the incidence of
malignant tumours is not a success of the cancer service at present, but the result of
the work of the cancer service in previous years (2005-2015). However, over the past
three years, there have been some rather alarming signals that could lead to a sharp
increase in cancer incidence in the future. Mortality from cancer in the Odesa region
ranks 2nd in the structure of population mortality. About 7-8 thousand new cases of
cancer are registered annually in Odesa region, and about 4 thousand patients die.
Among the newly diagnosed patients, 31.7% are people of working age, i.e. socially
active and able-bodied people who receive a disability group and cease to contribute
to the state's GDP [5]. The incidence rate in the region in 2016 was 293.8 (2014 -
367.0; 2015 - 350.0) per 100 thousand people and in Ukraine in 2015 - 314.0 per 100
thousand. Against the background of a decrease in the incidence of malignant
neoplasms in the region, the proportion of patients with cancer in stages III-IV has
been steadily increasing over the past five years (from 12.5% in 2012 to 50.1% in
2016 and 53.0% in 2017), which indicates both late treatment of patients for medical
care and a decrease in oncological alertness among doctors in the region due to the
lack of on-site consultations in the districts by specialists of the oncological
dispensary [4-6].

Over the past 3 years (since 2020), a number of indicators characterising the
state of diagnosis of malignant tumours in the region have deteriorated. In cervical

ISSN 2567-5273 96 www.moderntechno.de



Modern engineering and innovative technologies Issue 36 / Part 3

cancer, 29 patients, or 10.7% (2020: 10.3%), died before 1 year, including 11 patients
from Odesa.About 20% of patients die within the first year after cancer diagnosis.

In the structure of morbidity, the following are ranked: 1st place - skin cancer
(13.6%); 2nd place - breast cancer (11.5%); 3rd place - lung cancer (9.3%); 4th place
- colon cancer (7.7%); 5th place - rectal cancer (5.6%).The frequency of detection of
cancer during preventive examinations of the population has been increasing every
year, over the past years it has increased from 24.9% (2008) to 32.7% (2014), but
since 2015 it has sharply decreased and amounted to 21.1%, and in 2016 - 9.9% and
significantly lower than the figure for Ukraine in 2014 - 29.8%, which indicates poor
quality of preventive examinations [6].

The reasons for the deterioration in the quality of cancer care include

» Lack of control over the implementation of organisational and methodological
support in level I and II institutions;

» insufficient accessibility of the route for patients with suspected or diagnosed
malignancy;

» Lack of interconnection between primary, secondary and tertiary (oncological
dispensary) levels of medical care for patients with suspected or diagnosed
malignancy;

» lack of clear interaction between district and city oncologists and specialists
of the regional oncological dispensary;

» lack of control over the route of a patient with a suspected or diagnosed
malignancy;

» Lack of regular monitoring, evaluation, analysis of indicators aimed at
preventing early diagnosis, treatment, rehabilitation and reducing disability.

In Ukraine, resources are limited in quantity, quality and accessibility, there are
problems with their distribution, problems with the organisation of cancer care and
problems with the correct choice of directions for the development of the oncology
service [8].

It 1s important to understand that the cost of cancer treatment is constantly
growing and is likely to continue to rise.

For example, the cost of treating one cancer patient per month with modern
drugs already reaches USD 10,000.

The total cost of treatment in complex cases can exceed hundreds of thousands.

According to WHO experts, the more limited the available healthcare resources,
the more emphasis should be placed on early diagnosis, outpatient treatment and
short-term therapy.

The development of high-tech cancer treatments in such countries should go
hand in hand with government incentive programmes for prevention and early
preclinical diagnosis.This is called cancer screening [1, 9]. According to the updated
data of the National Cancer Registry of Ukraine, in 2022, 135,714 new cases of
malignant neoplasms were registered in Ukraine; the overall crude cancer incidence
rate was 375.6 per 100,000 people, including 386.2 in men and 366.3 in women [4,
5].Compared to 2015, the overall incidence of malignant neoplasms did not change
significantly and reached 345.2 per 100 thousand people according to the
standardised indicator (Ukrainian population standard).In 2016, the highest incidence
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rates in the male population according to the standardised indicator were observed in
Zaporizhzhia, Kirovohrad, Mykolaiv and Kherson regions (463.3-492.8 per 100
thousand men).

In the female population, the highest incidence rates were recorded in
Zaporizhzhia, Kyiv, Kirovohrad, Sumy regions and the city of Kyiv (325.9-364.5 per
100 thousand women) [3, 4].There is no doubt that the absence of Odesa Oblast
among the leaders in the incidence of malignant tumours is not a success of the
cancer service at present, but the result of the work of the cancer service in previous
years (2005-2015).

However, over the past three years, there have been some rather alarming
signals that could lead to a sharp increase in cancer incidence in the future.

Mortality from cancer in the Odesa region ranks 2nd in the structure of
population mortality.

About 7-8 thousand new cases of cancer are registered annually in Odesa region,
and about 4 thousand patients die. Among the newly diagnosed patients, 31.7% are
people of working age, i.e. socially active and able-bodied people who receive a
disability group and cease to contribute to the state's GDP [5].

The incidence rate in the region in 2016 was 293.8 (2014 - 367.0; 2015 - 350.0)
per 100 thousand people and in Ukraine in 2015 - 314.0 per 100 thousand. Against
the background of a decrease in the incidence of malignant neoplasms in the region,
the proportion of patients with cancer in stages III-IV has been steadily increasing
over the past five years (from 12.5% in 2012to 50.1% in 2016 and 53.0% in 2017),
which indicates both late treatment of patients for medical care and a decrease in
oncological alertness among doctors in the region due to the lack of on-site
consultations in the districts by specialists of the oncological dispensary [4-6].Over
the past 3 years (since 2020), a number of indicators characterising the state of
diagnosis of malignant tumours in the region have deteriorated.

After all, the situation with cancer morbidity is not improving... Critical times
require tough anti-crisis solutions!

In 2023, the city of Odesa, under the auspices of the Department of Health, for
the first time started vaccinating children against HPV using city budget funds as part
of the municipal programme ‘Health’. This vaccination is recommended, but not
included in the National Vaccination Schedule in Ukraine, so the HPV vaccine,
which is expensive, is not purchased from the state budget. Currently, only two cities
in Ukraine vaccinate children against HPV free of charge - Odesa and Kyiv. In
Odesa, the quadrivalent Gardasil vaccine was purchased for vaccination, which
provides effective protection against the four most common types of HPV that most
often cause cervical cancer in women, as well as other diseases of the reproductive
system in women and men. More than 1600 children have already received HPV
vaccinations at the expense of the Odesa city budget. It is planned to continue the
programme of free HPV vaccination.

In addition, in 2024, the city of Odesa plans to establish a centre for oncological
diagnostics and prevention, whose main tasks will be to improve the route for
patients with suspected or diagnosed cancer, improve interaction between family
doctors and secondary and tertiary care physicians, eliminate monopoly influence on
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the formation of patient flows, objectively verify the diagnosis, more efficiently use
available resources and fully work on primary and secondary prevention of cancer in
the region.

Thus, given the above, it should be recognised that the fight against cancer at the
national level does not begin in operating theatres or chemotherapy wards, but rather
in the offices of those who make decisions on planning, financing and development
of the entire healthcare system in our country.

Based on the above, the following conclusions can be drawn.

1. In order to effectively implement measures for early diagnosis and prevention
of malignant tumours, as well as to improve the performance of oncological services
in the context of healthcare reform, coordination of actions between various practical
healthcare services, primarily oncological and primary care (family doctors), is
necessary.

2. In order to solve the problems of secondary prevention of malignant tumours,
it is necessary to clearly organise early detection of diseases by the medical staff of
the primary health care centres with the introduction of common standards of
diagnostic and dispensary work on malignant tumours.

3. Monitoring the health status of the population should become an important
task of healthcare authorities. In order to consolidate efforts, it is necessary to ensure
monitoring of the health status of the population on the basis of the department of
oncological diagnostics and oncological prevention, which should become a
coordinating centre for preventive measures.

4. The identified indicators of the prevalence and structure of malignant
neoplasms in Odesa Oblast should be taken into account by the heads of health care
facilities and health care authorities when planning and organising cancer care.

5. Further development of the targeted oncology programme is needed to
implement the following tasks: strengthening the role of primary health care,
intensifying the work of family doctors in oncological diagnostics and increasing the
cancer awareness of primary health care doctors; development of inter-territorial
specialised oncological centres, reconstruction and construction of radiology
departments of oncological institutions in the region; advanced training of medical
workers of the oncological service; development of early diagnostic methods, new
approaches to the treatment of malignant tumours.
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Pe3ztome. Asmopamu nposederull ananiz cmamy OHKOI02IYHO20 cepgicy 6 Ykpaini ma 1iozo
MauOymuix meHOeHYilli 3 Ypaxy8awHHAM mMa 6naueom 6ilHu. B pabomi eucsimneno ma
NPOAHANI308AHO CYYACHI AcheKmu npoobiemu paHHboi 0ia2HOCMUKY OHKONO2IYHUX 3AX80PI08AHb HA
mii pegpopmy6anHs MeOUYuHU 8 YoMy Ma OHKONO0IUHOI cyxcou 30kpema. Ilokazano ocCHOBHI
npoobemMu OHKONO2IUHO20 Cepsicy pe2ioHy ma CMaH opaHizayii OiacHOCMuKY 3105KICHOI namono2ii
cimetinumu nikapamu. Hasedeno 0oceio eupiwenns na pieni micma (Odeca OCHOBHUX npoOiem
8i0CymHOCmi AKICHOI OHKOOIAZHOCMUKU, OHKONPeBeHYii ma 83aEMO0Li Midic NePpBUHHOIO MA THUUMU
JIGHKAMU HAOAHHS OHKOJIO2IYHOI 0ONOMO2U, d MAKONC 3aANPONOHOBAHUU CYYACHUL NiOXi0 00
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NOKPAWeHHs1 CMAHY OHKOAIYHOI cayocou peciony. Onucano OCHOBHI BeKMOPU DPO3BUMK)
OHKOJIO2IYHOI CLYAHCOU 8 pamMKax pedopmysants MeOuyunu 8 Ykpaiui.

Knrwouoei cnosa: onxonociuna ciyscoa; oHKOOIAeHOCMUKA;, OHKONPEBeHYis, CiMeuHull aikap,
OHKOHACMOPOIICEHICMb, 8AKYUHONPODIIAKMUKA.
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Abstract. The article presents a biomechanical approach to splinting that allows to maintain
tooth mobility at the physiological level, evenly distribute and dampen the load, involve the
periodontal muscle reflex in its regulation, which guarantees the preservation of structural integrity
during chewing and treatment.

The aim of the study was to biomechanically substantiate the splinting of mobile teeth in
periodontitis, taking into account the height and inclination of the crowns of the teeth, the degree of
their mobility and the type of bite.

Material and Methods. For biomechanical calculations, we considered a model with intact
periodontal tissues and typical cases where the crown height is h>6 mm. The value of this
parameter is a necessary component for obtaining reliable data.

Results and discussion. The results of the study showed that in the normal case, the design
scheme of the incisor is a rigidly clamped cantilever structure capable of absorbing vertical and
horizontal loads arising from biting down on food. As the calculated height of the tooth h, a size is
taken that is the sum of the height of the crown part of the tooth and one third of the length of its
root.

Conclusions. A mathematical model has been developed and a method of splinting anterior
teeth with pathological mobility with the placement of a reinforcing splint element based on an
inorganic matrix on the vestibular surface of the tooth has been substantiated, taking into account
biomechanical feasibility, degree of tooth mobility, resorption of interdental septa and the height of
clinical crowns.

Key words: periodontitis, tooth mobility, long-term splinting, mathematical model, horizontal
and vertical forces of force vectors.

Introduction.

The most common method of strengthening mobile teeth in periodontitis is
splinting them using various types of reinforcement and placement in relation to the
splinted teeth [1,2,3,4].

When developing treatment plans with a predictable prognosis for both
temporary and permanent splinting, it is necessary to take into account the
proportions of the teeth, the ratio of weight and length of the elements that make up
the splint, gingival zenith, and periodontal aesthetics [4, 5, 6]. In order to restore the
biomechanics of chewing, aesthetics, and durability of the remaining teeth and their
periodontium, biofunctionality and harmony between the temporary splint and
periodontal tissues are important. In this respect, its design, occlusion and
biomaterials are of great importance and should be taken into account when planning
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[6, 7, 8]. Noticeable tooth lengthening (which increases the degree of trauma to
periodontal tissues) causes certain difficulties in the selection and planning of a type
of temporary splinting system and the choice of materials to reduce the functional
overload of abutment teeth.

At the same time, with any splinting method, it is of particular importance to
determine the optimal (most rational from the point of view of biomechanics)
placement for the retention furrow and reinforcement, depending on the height of the
tooth crown [4, 8, 9]. The maximum occlusal loads (external force) that occur during
chewing depend on the individual physical capabilities of the muscles and the pain
threshold [10]. Thus, tooth stability can be increased by reducing the force arm (1),
for example, by shortening the tooth, or by increasing the periodontal resistance (rx)
by splinting adjacent teeth. In order to direct the force to the lower anterior teeth
axially, the cutting surface of these teeth should be inclined by approximately>*
vestibularly. Such modeling of the occlusal surface will minimize the moment of
force that overturns the tooth, directing the axial masticatory load [8].

The above indicates the relevance of the biomechanical approach to splinting,
which allows to maintain tooth mobility at the physiological level, evenly distribute
and dampen the load, involve the periodontal muscle reflex in its regulation, which
guarantees the preservation of structural integrity during chewing and treatment,
while maintaining high functional and aesthetic qualities of the splint.

The aim of the study is to biomechanically substantiate the splinting of mobile
teeth in periodontitis, taking into account the height and inclination of the crowns of
the teeth, the degree of their mobility and the type of bite.

Material and methods.

For biomechanical calculations, we considered a model with intact periodontal
tissues and typical cases where the crown height is h>6 mm. The value of this
parameter is a necessary component for obtaining reliable data. For the study model,
a rod subjected to axial compression was assumed for vertical loads, and a cantilever
beam firmly fixed in the sagittal plane was assumed for horizontal loads.

The following main geometric parameters of the abutment teeth were
determined from radiographic data: root length, difference between the extraalveolar
and interalveolar parts of the tooth. The internal forces of the structure were
determined by assessing the effects of the total vertical and horizontal external load
components. Based on the determination of the functional stresses of the periodontal
tissues of the abutment teeth and their correlation with the minimum and maximum
permissible parameters, an algorithm was developed for selecting the location of the
splinting structure on the teeth. It was applied taking into account the rational
distribution of the chewing load in the biomechanical system “splint - abutment teeth
- periodontium”.

Results and discussion. The results of the study revealed that, in the normal
case, the design scheme of the incisor is a rigidly clamped cantilever structure
capable of absorbing vertical and horizontal loads arising during biting off food. The
calculated height of the tooth % is the size that is the sum of the height of the crown
part of the tooth and one third of the length of its root. It should be borne in mind that
the teeth in the sockets are in an elastically fixed state and have some mobility [8, 11,
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12]. Despite the direction of the force, the dependence of tooth displacement on load
is complex. In case of pathological mobility of the I and II degree incisors, the rigidly
clamped support becomes a spring-jointed one, and the design scheme becomes a
geometrically variable system, when the load is applied to which the latter can be
considered as a mechanism. To take the external load of such a scheme, an additional
connection is needed, which is the tire fixed to the canines (Figure 1).

Figure 1 - Design scheme of a moving cutter,
where: Fv - vertical component of the external load; Fh - horizontal component of
the external load; a is the angle of inclination of the incisors in the frontal area; h is
the calculated height of the tooth, hk is the vertical projection of the crown part of
the tooth, Ik is the vertical projection of the root of the tooth, Hk is the horizontal
reactive force perceived by the tire reinforcement, Hp is the horizontal reactive force
in the incisor, Rp is the vertical reactive force in the incisor.

The main criterion for the optimal placement of the retention sulcus in the height
of the crown part of the tooth is the force at the root of the incisor and the horizontal
force created directly by the splint on the canines under the influence of vertical and
horizontal loads on the incisors. The angle of inclination for the central incisors in the
anterior region was determined using parallelometry. For this purpose, the resulting
F.G. Spee curve was determined on the models for each side. A force F acts
perpendicularly to the plane formed by these resultant curves.

Thus, if we divide the depth of the vestibular surfaces of the mandibular central
incisors to the force vector F' by the length of the crown of the central incisor, we
obtain sin a, and the ratio of the depth of the vestibular surfaces to the vertical
projection of the height of the crown of the central incisor %4 is tg.

The value of the angle of inclination of the central incisors a in the anterior
region can be defined as follows:

a = m*csinp—f, or @ = m‘-:tgp—“
hy, hk
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In order to determine the numerical values of the forces transmitted by the tire to
the canines and the forces arising in the root of the incisor from the action of the
vertical load, the equilibrium equations were used: (1), (2), (3)

dYM,=0 F,h+F,-c—H_b=0 (1)
F -h+F.-c F -h+F - -h-tga
H, =—=% —=—" AL 2)
b b
>Y=0 R -F=0 = R=F
> M,=0 F,-a+F,-c—H,-b=0
F -a+F -¢c F -a+F  -h-tga
=== 2 3)

From the obtained dependencies (1), (2) and (3), it can be concluded that the
values of the reactive forces that occur in the incisors and the forces transmitted to the
canines depend on the anatomical dimensions of the crown part of the incisors, their
inclination and the position of the splint reinforcement in relation to the tooth height.

Thus, the higher the splint is placed (increasing the size of b in Figure 1), the
smaller the horizontal force Hp that occurs in the incisor and the force Hk transmitted
through the splint reinforcement to the canine (since b in expressions 1 and 2 is in the
denominator).

The values of the horizontal force in the tire and the horizontal reactive force in
the incisor depend not only on the value of the horizontal component of the load, but
also on the vertical component. In addition, the vertical component of the reactive
force in the incisor, according to (2), regardless of the position of the tire, is always
equal to the value of the vertical load.

Therefore, according to expressions (1), (2) and (3), the most rational tire
position corresponds to the closest possible approach to the cutting edge of the
cutters. The location of the retention furrow at a distance of 2-3 mm from the upper
cut of the cutter is determined by the tire manufacturing technology and the attempt
to change the shape of the inner surface near the cutting edge of the cutters as little as
possible.

From the point of view of the transfer of horizontal loads from the incisors
through the splint to the canines, the position of the retention furrow in the area of
attachment of the reinforcement to the canine should be as low as possible (closer to
the lower edge of the crown part of the tooth) to reduce the value of the overturning
moment in the canines caused by the horizontal loads transmitted by the splint.

Therefore, the most optimal option for splinting the incisors, from the point of
view of biomechanics, is the location of the retention furrow and, accordingly, the
working reinforcement in the upper part of the first incisors, followed by a gradual
lowering of the reinforcement and retention furrow to the lower edge of the crown
part of the canines. It is this arrangement of the reinforcement that should be
considered appropriate.

It should be noted that the maximum possible upper position of the
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reinforcement in a progenitor bite is determined by the occlusal position of the
cutting edge of the maxillary incisors. The symmetry of the splinting of the dentition
and the applied load allows us to move from the volumetric design scheme to its flat
projection, projecting all the applied forces that arise on the sagittal plane (Figure 2).

i

i

Figure 2 - Design scheme of dental splinting,
where hk is the height of the crown part of the canine; lk is the length of the canine
root; F is the vertical load that occurs during biting on the central incisor, a-a is the
inclined axis of the central incisor; a is the angle of inclination of the central incisors
in the anterior region relative to the load; b-b - axis of the canine, e - eccentricity of
the applied force F relative to the central incisors, d-d - level of the lower edge of the
crown part of the canine, l - distance between the centers of resistance of the lower
canine and the lower central incisor; ra - vertical reactive force of the central
incisor, rp - vertical reactive force of the lateral incisor, re - vertical reactive force of
the canine; na - horizontal force transmitted by the tire reinforcement to the canine;
H. - horizontal reactive force arising at the root of the canine, e - point of
intersection of the lines of action of ns and r4 forces; he is the distance from the
cutting edge of the crown part of the teeth to the axis of the retention furrow, hu is
the distance from the lower edge of the crown part of the teeth to the axis of the
retention furrow; h is the distance from the axis of the retention furrow to point A,
n is the calculated tooth height.

Thus, as a result of splinting of incisors and canines using reinforcement and
polymer, all splinted teeth, from the point of view of mechanics, can be considered a
rigid disk (deformations of which can be neglected due to their insignificance), fixed
by movable hinge-spring supports along the longitudinal axes of the incisors and at
the point of connection of the splint with the canines (points A, B and d of Figure 2)
and a hinged-fixed support at point C.

ISSN 2567-5273 106 www.modemntechno.de



Modern engineering and innovative technologies Issue 36 / Part 3

The load F'is perceived as a concentration of the load on one incisor (in the case
of small overall dimensions of the food lump not exceeding the width of the incisor)
or equally acting from the load distributed along the entire length of the dentition or
some part of it (in the case of the size of the food lump exceeding the width of one
incisor). A less favorable loading option is the case in which the equivalent load F is
located between the central incisors.

In this situation, the degree of inclination of the teeth in the frontal area relative
to the load is set by the angle a, and the degree of resorption and the anatomical size
of the teeth are set by the dimensions Ak and /k, respectively .

Taking into account the joint work of all the teeth included in the splint, the
vertical load on the incisors has little dependence on the initial degree of mobility of
the incisors, and is determined mainly by the mobility of the canines, which receive
the load transmitted from the incisors by the splint. When the load F is applied, the
hard disk rotates in accordance with the point C (the vertical movement of the
canines can be neglected due to the fact that the canine is a support for the entire tire
structure), causing reactive forces in the elastic supports that are directly proportional
to the distance from the center of rotation C. According to Fig. 2, the force F' causes a
reaction of the cutter root Ra, which rotates the tire relative to the axis of rotation C.
During this process, the tire transfers the load Hd to the canine. We assume that the
reaction force of the canine itself, represented in Figure 2 by the force Hc, (due to its
high stiffness), i1s much smaller than the periodontal reaction,

and therefore:& = ﬂ, hence: R, = Hp! .
[ h h
Similarly: —2- =—£ hence: R, = 061
0,6/ h h

The dimension / can be represented by H as [ = Htga. The equilibrium equation
is used to determine the values of the vertical and horizontal forces that occur in the
teeth. Taking into account that when projecting all forces to the sagittal plane, the
projections of the reactive forces that occur in the teeth on the right and left sides of
the dentition are superimposed on each other (i.e., the number of reactive forces
doubles), we have the following indicators (4-7). The obtained indicators (4), (5), (6)
and (7) relate the reactive forces arising in the teeth to the values of the external load
F. The value of the geometric dimension / itself can be determined using a caliper as
the distance from the line connecting the centers of gravity of the cross-sections of
the canines, the outer cutting edge of the first incisors d minus the value (or
approximately the distance between the center of the longitudinal roller of the oral
surface of the lower canine and the lingual tubercle of the lower central incisor) that
is possible in clinical conditions.

ZMC=0 F(e+l)cosfp—FHsinff— 2R, -1 -2R;-0,6l -2H,-h=0 &)
_0,5Fcos B(H(tga —tgB)+1)-h
1,36/% + h’

H)
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Hpy-l 05FcosB(H(tga —tgf)+1)-1

R =

Th 1,361 + ? (5)
R H,-0,6/ 03Fcosf(H(tga—tgh)+1)-1

5 h 1,361% + h*

YM,=0 _F.c.cosp+F-H-sinff—2R.-1—-2R, 0,4 +2H,-h=0 ©)
_ Hph—0,4R,1—0,5FH cos f(tga — tgf)
! (7)

The value of the maximum load F' can be determined from expression (4) as:
2H, (1,361> + h%)

cos B (H(tga — tgB) + 1)-h

R

where instead of the value of H;, the maximum permissible value an of the

horizontal force on the canine depending on its clinical condition is substituted

a
HD:th_

H

(which was selected from the corresponding table) [12], taking into account the
height of the applied force applied
_ 2F] (1,361° + h*)h,

~ cos f(H(iga—tgf)+1)-h-h,

Then: (8)

Regardless of the length of the tooth, the ratio of the length of the crown to the
root (for all teeth, the average is 1:2). The ratio of the length of the canine crown to
the length of its root is more accurately represented by 1:1.5 [11]. However, age-
related changes and the possible presence of pathological abrasion make it impossible
to consider the height of the crown as a reliable value. Instead, for these purposes,
you can use the calculation scheme proposed by L.M. Lomiashvili [15,16]. Thus, the
height of the mandibular canine (Hcor)correlates with the mesiodistal (Mdcor) and
vestibulo-lingual (Vicor) dimensions of its crown as 1.40:1.00:1.11. Taking into
account the variability of pathological abrasion forms, only Vicor can be considered a
reliable size for calculation. Therefore, the required length of the canine root can be

calculated using the formula:
2-1.4Vecor

I, = 2-Hcor = = 2,522VLcor
Defining all dimensions through Vicor , we get:
h. = LaVeor =1,261VLcor

K
b

h=h_+ %“ —h, =1,261VLcor + 0,631VLcor — h, =1,829VLcor — h,
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H=h_+ %K =1,261VLcor + 0,631VLcor =1,829VLcor

5

h,=h.—h,=1261VLcor —h,

b

and substituting into (8) we have:
2,522F] (1,361% + (2,102VLcor — h,)*VLcor

F =
cos #(2,102VLcor(tga —tg ) +1)-(2,102VLcor — h,) - (1,26 1VLcor — h,) 9)

Among the main advantages of expression (9) is that in order to determine the
value of the maximum permissible load F' on a splinted incisor, it is sufficient to
determine the vestibulo-lingual dimensions of the canine crown Vicor and the angle
of inclination of the central incisors in the anterior region to the line of action of the
load. Significant disadvantages of expression (9) are the impossibility of taking into
account the clinical height of the crowns of the teeth (only the anatomical dimensions
of the crown are taken into account), the magnitude of their possible pathological
abrasion and the limit of bone atrophy of the bone tissue of the sockets of the teeth.

Therefore, the use of the calculation scheme (9) is permissible only in cases of
complete anatomical restoration of the entire anterior group of teeth. That is why, in
practice, the use of expression (8) is more acceptable for calculations. Finally, the
value of the maximum permissible load F' on the splinted cutter is determined as the
lesser of two values: obtained by (8) according to [13, 14] and selected from the table
of maximum permissible values of vertical forces on abutment teeth depending on
their clinical condition.

This method is reliable for clinical cases with pathological mobility of the
central and lateral incisors of the I and II degree, with the amount of atrophy less than
2/3 of the socket and the absence of pathological mobility of the canines. In the case
of pathological mobility of the canines of the first degree, in order to reduce the
values of the loosening moment that occurs in the canine from the load transmitted by
the splint, the retention furrow should be placed as low as possible in the height of the
crown part of the canine. The maximum value of the load transmitted to the canine by
tire incisors is determined by formula (4).

Conclusions.

1. An analytical model has been developed to mathematically substantiate the
distribution of the chewing load on the anterior teeth with varying degrees of
pathological mobility, taking into account the condition of the abutment teeth and the
endurance of periodontal tissues, depending on the conditions in the oral cavity.

2. The method of splinting of anterior teeth with pathological mobility with the
placement of a reinforcing splint element based on an inorganic matrix on the
vestibular surface of the tooth was substantiated, taking into account biomechanical
feasibility, degree of tooth mobility, resorption of interdental septa and the height of
clinical crowns.

3) The expediency of the splinting structure, its location in accordance with
mathematical calculations, taking into account the height of clinical crowns, tooth
inclination and type of bite after a preliminary study of plaster models in a
parallelogram, is substantiated.
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JIHinposcvkuil OeparcasHull MeOudHULl yHigepcumen,
Jlninpo, Bonooumupa Bepuaockoeo, 9, 49044

Anomauia. B pobomi Hadano Z2icieHiuHy 6micmy XIMIYHUX 3a0pYOHIOIOUUX DPEUOBUH 6
ammocgepHomy nosimpi HaceneHux micyv. Busnaueno ocobausocmi ix aepoceHH020 HaA0X0OHICEeHHs
00 opeanizmy Ooumuru. 30ilICHEHO OYIHKY CIMAHY 300p08 51 OUMA4020 HaceleHHs. AHaNi3 OmpuMaHux
pe3yibmamis  00CHIONCEHH 00380AU8 OOTPYHMYBAMU MeMOOUYHI NiOX00U 3 HONEPeOHCeHH s
PO36UMKY OOHO30JI0IUHUX CMAHIG Y Oimell Y 36 'SI3KY 3 AePOeHHUM BNAUBOM KCEHOOIOMUKIS.

Kniouosi cnosa: rcenobiomuxu, ammocgepne nogimps, 300p0o8’s, oumsiue HACENeHHS,
O00HO30]102I4HI CIMAHU, A0anmayis, pusuK, NepeuHHa NPoQpiIaKmuKa.

Berym.

Cepen KOMIUIEKCY UYWHHHKIB JIOBKULISL, $IKI CIHPUSAIOTh BUHUKHEHHIO
JIOHO30JIOTIYHUX Ta TMATOJOTIYHUX CTaHIB Yy HACeJICHHS 3HA4YHa POJb HAJICKHUTh
atMochepHOMy MOBITPI0. YKCIIEHH1 JOCTIIKEHHS CBITYaTh MPO Te, 110 3a0pyTHEHHS
NOBITPS € BHU3HAYAIBHUM (HaKTOpoM y (QOpPMYyBaHHI pPHU3HUKIB s 370POB’A
HAceJIeHHS, MOB’SI3aHMMHU 31 CTAHOM HAaBKOJIMILIHBOIO cepeaoBuiia. Jlo Toro x, 10
aTMoc(epH HaceJIeHUX MICUb TOKCUYHI PEUOBUHH HAAXOAATh Y PI3HUX KOMOIHAI[IAX,
IO YacCTIIIe yChOT0 MOCHIIIOE X TOKCHYHY [0 Ha MBI opraHizmu. JloBeaeHo, 110
CTYMIHb 3HAYYILIOCTI 3a0pyAHEHHS arMoc(epHOro moBITPS y (GOpMyBaHHI pPIBHS
3araJibHOI 3aXBOPIOBAHOCTI JUTSIYOr0 HACEJICHHS CTaHOBUTH 23,2 % 1 3aiimae apyre
MICII€ MIC/S COILIaIbHUX YMHHUKIB PU3UKY, 3HAUYIIICTh SKUX HopiBHIOE 38,8 %.
JlocmimKkeHHsT CBITYaTh, M0 MPH OJHAKOBHUX PIBHSIX BMICTY IIKIIJIMBUX PEYOBUH B
atMoc(epHOMYy TMOBITpi, J030B1 ix HanxomkeHHs (AH m03.) HeomHO3HAYH1 IS
PI3HUX BIKOBHUX TpYIl HAaCEJEHHS: caMme AITH 3a3Hal0Th HAWOUIBIIOr0 aeporeHHOro
HAaBAHTAKEHHsS. Y 3B’A3Ky 3 IIMM BHBYCHHS BIUIMBY a€pPOT€HHUX XIMIYHUX
HABAaHTAKE€Hb HA OPraHi3M JUTUHU HaOyBa€ MPOBIIHOIO 3HAYECHHS.

Icepeno: [1,2,3,4,5]

OcCHOBHHUII TEKCT.

Mema pobomu — oOTPYHTYBaTH 3aXOJH MEPBUHHOI MPOMITAKTUKN HETaTUBHUX
3MIH y CTaHl 37I0pOB’S JUTSYOr0 HACeJEHHsS Ha IMiJICTaBl KOMIUIEKCHOI TIri€HIYHOT
OLIIHKHA BMICTY 3a0pyAHIOIOUMX PEUYOBHH Yy TMOBITPI, AEPOT€HHOr0 iX HABAHTAXKEHHS
Ha OpraHi3M Ta 37I0POB’S TITEH.

Mamepianu i memoou. IIpoBefeHO aHaII3 BMICTY MUY, aHT1IPUY CIPUUCTOTO,
OKCHUJy BYTJIEITIO, a30Ty JIOKCHUAIY, CIpKOBOIHIO, eHOTy, amiaKy, (hopMalbIeriay B
aTMOC(epHOMY TMOBITPI MM. J[HIMPOMETPOBCHK, [IHIMPOM3EPKUHCHK Y TUHAMII 32
2010-2022 pp. 3a pe3ysibTaTaMu CIOCTEPEKEHb J[HIMPONETPOBCHKOTO PEriOHATBLHOTO
HEeHTpy 3 Tigpomereoponorii Ta JlepxkaBHoi ycraHoBu "J[HINmpomeTpoBCHKUI
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Oo0NacHUN WEHTP KOHTPONIO Ta NPOoLIAKTHKA XBOpoO MiHICTepCTBa OXOpPOHHU
310poB'si Ykpainu". I'irieHiuHa OIlIHKa BMICTY KCEHOOIOTHUKIB B aTMOC(hEepHOMY
MOBITPl MPOBOAMIIACH BIANOBIAHO A0 Hakazy MO3 Vkpainu Ne52 Bix 14.01.2020
poky «IIpo 3aTBep’KEHHS TIrE€HIYHUX PETJIaMEHTIB JOMYCTUMOI0 BMICTY XIMIYHHX 1
010JIOTIYHUX PEUYOBHH B arMoc(epHOMY MOBITpI HaceleHUX Miciby». Ha mimcrasi
CEpeHhOJO00BUX KOHIIEHTPAIl TOKCHUKAHTIB B arMoc(hepHOMYy TOBITPI MM.
JHinponerpoBchK, JHIMPOA3EPKUHCHK  HAaMU pPO3PaxOBaHE [1030BE ACPOTCHHE
HAJXOKEHHS (MT/KrX100y) KCEHOOIOTHUKIB 10 JUTSYOT0 OpPTraHi3My, sike BigoOpaxkae
BIUIMB XIMIYHOi pEYOBMHHM Ha opraHizM. OTpuMaHi BETUYUHHU MOPIBHIOBAIA 3
pedepeHTHUMH, PO3PAaXOBAaHMMH HAMHU JUIsl BYTJICHIO OKCHAY, (OpMaiblerigy 3a
nonycTuMu (pedepeHTHHMH) a00 MaKCHMabHO HEMIIOYUMH KOHIICHTpPAIlISIMH, Ta 3
pedepeHTHUMH ISl CIPKU JIIOKCH]Y, a30Ty AlOKcuay, (penomy, amiaky. Jljig OUIHKU
ananTaiiiHuX  MOMJIMBOCTEH JiTed BUKOPHUCTOBYBAJIM METOJ BHU3HAYCHHS
aganTaniiftHoro notenuiany (All), mo 3acHOBaHUH Ha IHTETPaJTLHOMY aHaJi31 Kap/io-
TeMOJIMHAMIYHAX Ta aHTPOIMIOMETPUYHHMX JaHWX: YaCTOTHU MYJIbCy, apTepiabHOTO
TUCKY, JOBXHMHM TiJla, MacH Tijia. 3 ypaxyBaHHSIM pPO3pOOJICHUX HAMU HOPMATHBIB
aJanTaliifHOro MOTEHIIANy IS JITeW MOUIKUIBHOTO BIKY BH3HAYaJIM MOIIMPEHICThH
pI3HHX pIBHEH ajanTarlii cepel MiTeH-MEIIKaHI[IB MPOMUCIOBUX MicT. Meauko-
crtatucTuuHa o6pobka Microsoft Excel2003®Statistica v 6.1 (Statsoft Inc /CIIA)
(mir. Ne AGARO909E415822FA). Jlns KimbKICHOI OITIHKHM B3a€MO3B’SI3KYy  MIXK
okpeMuMHU (daKTOpaMu 3aCTOCOBYBAJIM KOPENAIINHUI aHali3 3 pO3paxyHKOM
KoeilieHTIB JiHIMHOI Kopensauii [lipcona Ta panroBoi xopemsuii Cripmena (r), mo
JI03BOJIMJIO BCTAHOBUTH CTiMKi cTaructruHo 3Hauyml (p<0,05- 0,001) B3aeMO03B’sI3ku
MDK MMOKa3HUKAMHM 3 OI[IHKOIO HAIIPSIMKY 3MiH.

Pezynomamu. TlpoBenena ririeHiuHa XapaKTEPUCTHKA BMICTY OCHOBHHUX
XIMIYHUX 3a0pYIHIOIOUMX PEUYOBHH B MOBITP1 CBIIYUTH PO Te, 10 B aTMocdepl MICT
JHinponerpoBcbk Ta JIHIIPOA3EpAKUHCHK IMOCTIHHO BHU3HAYAIOTHCS OCHOBHI a0o
,KIIacu4Hi1” 3a0pyaHIOI0Yl PEYOBMHH: T, CIPKU JIOKCHJ, BYTJICIIO OKCHJ, a30Ty
niokcup. IlpakTuyHO MO yciM KCeHOOIOTHMKaMm, 3a BHUHSTKOM CIPKH J1O0KCHUIY,
BIIMIYa€THCS MIePEBUILICHHS cepeIHbO1000BHX rpaHUYHO JTOMYCTUMHUX
KOHLIEHTpaliid. B cepenHboMy 3a mepioj] CIIOCTEPEKEHHSI HAWHWK4Yl KOHIEHTpAIlil
muny(1,13 T'AK c.a.), miokeumy aszory (1,23 T'JIK c.a.), cipka JTiOKCHIY
(0,12 THAK c.n.) BcTaHOBIEHI  Ha  TEpUTOpli  pailOHy  TMOPIBHSIHHS
M. JlHimponerpoBchk. Haitbunbm 3abpyanenum nuiom (2,35 I'IK c.a.), oxcuom
syrnento (1,21 TIK c.xn.) ta giokcuaom azoty (2,23 I'JIK c.n1.) € moBiTps y paiioHi 3
IHTEHCUBHUM TPAHCHOPTHUM pyXxoM. OJIHaK, Hall3HAYHIMIKUNA BMICT CIPKHA JIOKCUIY
3apEECTPOBAHO Yy TOBITPI MPOMHUCIOBUX pPalOHIB MicT JIHIMPONETPOBCHK Ta
JlHinpoa3epKUHChK. Mae Miclie CTaTUCTUYHO JIOCTOBIpPHA BIAMIHHICTH MK BMICTOM
MUy, JIOKCUAY CIPKH, OKCHJY BYIJIELIO, JIOKCHJy a30Ty B arMmocdepi paioHy
MOPIBHSIHHS Ta pallOHY 3 IHTEHCUBHHUM TpaHcmopTHUM pyxom (p<0,008-0,001), mix
BMICTOM THUX K€ KCEHOOIOTHKIB B aTMoc(epi pailoHy MOPIBHSAHHA Ta MPOMHUCIOBOTO
paitiony Ne 1 (p<0,05-0,001). VY3arampHeHHS pe3yJbTaTiB MPOBEICHUX HAMHU
JOCIIIDKEHb 3 TITIEHIYHOT XapaKTEPUCTUKH BMICTY CHEeNU(IYHUX 3a0pYIHIOIOUUX
pedoBHH B aTMocdepl CBITYUTH 3a T€, MO Y TOBITPI PallOHIB CIOCTEPEIKECHHS MM.
JHinponerpoBchk, JHIMPOA3EPKUHCHK PEECTPYIOTHCA 3HAYHI  CEPeIHbOPIYHI
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KOHIIeHTpallii kcenooiotukis: mo 3,67 T'JIK c.a. mo denomny, mo 3,08 I'JIK c.a. mo
amiaky, 1o 6,33 I'’IK c.n. mo ¢popmanpueriay Ta g0 1,13 I'JIK M.p. 1o CipKOBOHIO.

AHani3 OTpUMaHUX pe3yJibTaTiB CBIIYUTH MpPO TE, IO [ITH 3 paiioHy
MOPIBHSHHS M. J{HIMPONETPOBCHK 3a3HAIOTH BIIMBY MEHIIIOTO, HIK B IHITUX pailoHaX
CIIOCTEPEIKEHHS, AaCpOTCHHOI'O0 HABAaHTAXCHHS 3a0pYJHIOYMMH PEUYOBHUHAMM
(mr/krxno0y). Tak, noctoBipHo (p<<0,05-0,001) HagxomkeHHs muiy B 2,1, ByTJeIto
okcuny B 2,14, dopmanpaeriny B 1,4 pa3su Hux4Ye y pailoHI NOPIBHSHHS, HIK B
paiioHi 3 IHTEHCUBHUM TPAHCIIOPTHUM pyxoM. HaaxomkeHHs NiOKCcUIy Cipku B 2,9,
cipkoBogHiO B 1,57 pa3su Buille y NPOMHUCIOBOMY paiioHl Ne 2, HiX B pailoHi
nopiBHsiHHA ~ (p<0,05). HaiiOunblii  BEJIMYMHM  a€POrE€HHOTO  HAJIXOKCHHS
KCEHOOIOTHKIB  JI0  Opra”i3aMy JiTed  JIOMIKIIBHOTO  BIKYy-MENIKAHIIIB M.
JIHITPOI3EpKUHCHK TAaKOX MPUNAJAI0Th Ha JITEH 3 MPOMMCIOBUX PalOHIB, HIK Ha
MEIIKAHI[IB PaiiOHy MOPIBHIHHS.

B ymoBax M. JIHIMpOI3ep>KUHCBK 10 OpraHi3My MiTe HaAXOIATh BIPOT1THO
(p<0,05-0,001) Buwy, HIX B ymMmoBax M. /[HinmponeTpoBchbk 103U GeHomy (B 2,5 pas3n),
dbopmaneaeriny (B 2,15 paszm), cipkoBoanio (B 1,8 pasm). HaaxomkeHHs ByTJeIto
okcuny B 1,56 paszu uiie (p<0,001) y ninponeTpoBcbKy. AHami3 cepeaHbO1000BUX
7103 HAAXOHKEHHSI OKPEMHX KCEHOOIOTHKIB 3 aTMOC(HEPHUM TOBITPSIM CBITYHUTH 32 TE,
[0 JUTSAYE HaceleHHS MicT JIHImponeTpoBChK, JHIMPOA3EPKUHCHK 3a3HAE BIUIUBY
o 3HayHoro (p<0,05), mpu mMOpIBHAHHI 3 pePEepeHTHUMH BEIUYUHAMH,
aepOreHHOTO HABAHTAKEHHS TAKMMHU PEYOBUHAMH, AK a30Ty Aiokcu (B 2,2-2,5 pasw,
p<0,05), penoin (B 1,4 pazu), hbopmansaeria (B 2,2-4 pasu, p<0,05).

B sKocTi 1HTErpanpbHOTO KpHUTEPII0 370pOB’S Yy JITEpaTrypl pO3TISIal0Th
ajanTaliiiHi MOKJIMBOCTI OpraHi3Mmy, siKi BiIOOpa)karoTh CTYIIHb HOTr0 JAMHAMIYHOI
pPIBHOBAaru 3 CEpPEIOBHUINEM. 3 ypaxyBaHHSAM pO3pOOJECHUX HAMH HOPMATHBIB
aJlanTaliifHOro MOTEHIlialy BU3HAYEHO MOUIMPEHICTh PI3HUX PIBHEH ajanTarlii cepen
JITEN JOLIKUIBHOIO BIKY B pailoHax croctepexeHHs. OTpuMaH1 pe3yibTaTH 3 OLIHKH
ajanTalifHuX MOXJIMBOCTEH JIITeH, $KI MIJJIATal0Th aepPOreHHOMY  BILIUBY
KCEHOOIOTHKIB, [O3BOJWJIA BCTAHOBUTH, LI0 B pailoHaX 3 OUIBIIUM CTYyIEHEM
3a0pynnenHs atMmocdepu goctoBipHo (p<0,05) Oumpima mnuTOMa Bara JiTed 3
Hanpyxenusam (AlIl Big 1,90 no 2,19 ans xnomuukis; AIT Big 1,80 mo 1,99 s
JIBYATOK), HE33J0BUIBHUM piBHEM adanTamiiiHux MmoxkauBocten (AIl Bimg 2,20 mo
2,39 nns xmomuukiB; Al Big 2,00 mo 2,19 mis giBuaTok) ta 3puBoM agantaitii (All
2,40 ta > nna xnomuukis; All 2,20 Ta > a5 AiBUaTOK).

Pesynbratu mpoBeeHOr0 MaTEMAaTHYHOTO aHaJi3y J03BOJIMIN BCTAHOBUTH, 110
BEJIMYMHU aEPOr€HHOI'0 JIO30BOTO HABaHTAXXEHHSI KCEHOOIOTMKaMHU JIOCTOBIPHO
(p<0,05-0,001) BruIMBarOTH Ha aAAMTAIIHI MOKIUBOCTI AiTei. 3 migBumieHHsM AH
n03. niokcugom cipku (r=0,36), okcumom Byriemto (r=0,33), MIOKCHUAOM a3oTy
(r=0,28), amiakom (r=0,30) 3pocTae BeaMYMHA aJaNTaliifHOrO MOTEHIIANy, TOOTO
aJanTaliifHl MOXJIMBOCTI JUTSYOrO0 OPraHi3My 3HUXKYIOTHCS IIiJl BIUIMBOM OLIbII
3HAYYIIIOI'0 a€pPOT€HHOTO HaBaHTAXXEHHSI 3a3HAYEHUMH KCEHOO10THKAMH.

OtpuMaHi HaMU JaHi CBIIYaTh 3a Te, IO BEIMYHMHA aJalTallifHOTO MOTECHIIATY
BIPOT1THO TIOB’s13aHa 31 CTAaHOM Hecnenu(igyHOT Pe3UCTEHTHOCTI, (PYHKITIOHATILHUMU
MOKa3HUKAMH JTUXAIBHOI 1 CepIIeBO-CyAUHHOI cucteM niten (1= -0,47+0,69; p<0,05-
0,001). Anaii3 3HMKEHHS PIBHS ajanTallli B 3aJI€KHOCTI BiJ] BEIMYUHU a€POTCHHOIO
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J030BOTO HABAHTAKEHHS OKPEMHMH KCEHOOIOTHMKAaMH J[03BOJMB BHU3HAYUTH
KCEHOOIOTMKM Ta Takl iX BEJIMYMHHU AEPOTCHHOrO JI030BOIO HAIXOJKEHHS [0
opraHiamy aiteii-memkaHiiB IIpuaHINPOBCHKOro perioHy, 3 SIKUMU IIOB’SI3aHUN
PU3MK 3HIDKCHHS piBHA anantaiii. OTpumani pe3ysbTaTd CBiAYaTh, 1O BIPOT1IHO
(p<0,001) HalOLIBII BUCOKUI PU3MK 3HIXKCHHS aJanTallliHUX MOXJIUBOCTEH IITEH
(TakoK, SK 1 JJisi BAHUKHEHHS JIOHO30JIOTTYHUX CTaHIB) MPUTAMaHHUN ISl BYTJIEIIO
okcuny (BII = 5,30; 95% BI 2,14 - 13,17). Ha miacraBl oTpuMaHuX pe3yJbTaTiB
3aMpOMOHOBAHO Ta BIIPOBAKCHO KPHUTEpIadbHY KAy OIIHKA PU3UKY 3HIDKCHHS
ajanTaiii B 3aJIe)KHOCTI BIJ BEJIMYMHU aepOr€HHOTO JIO30BOTO HaBaHTaKCHHS
KCEHOO10TUKAMH, sIKa TO3BOJISIE€ BUJUISATH IPYIIU PU3HMKY JITEH 32 MICIIEM MELIKaHHS,
MIPOBOJIUTH €KOJIOTO-TITI€HIYHE PaHKyBAaHHS HACEIIEHUX MICIIb.

BucHoBKu.

BcraHnoBieHo, mo B yMOBax MPOMHUCIOBHX MICIb Ma€ Miclie OUIbII 3HAYYIIE,
MOPIBHSHO 3 PO3PAaxOBaHUMHU 3a PEPEPEHTHUMHU KOHLIEHTpAIIIMU Ta TPAHUYHO
JOIMYCTUMHUMM KOHLIEHTpAlIIMH, Aa€pOre€HHE HAAXO/JKEHHS KCEHOOIOTHKIB [0
OpraHi3My JWTHHH, IO MPU3BOJUTH 0 3HUKEHHS HecnenudiuHOi Pe3UCTEHTHOCTI,
3MiH (DYHKIIIOHAJIbHOTO CTaHY CEpPUEBO-CYJIMHHOI Ta IUXANIbHOI CHUCTEM, 3HUKEHHIO
pIBHA ajamTarii JUTSYOr0 Opra”izMy. 3ampornoHOBAaHO MAaTEeMaTHYHY MOJENb
«aeporeHHe HAaJIXO/KCHHS KCEHOOIOTHMKIB — ajanTalliiHi MOXJIMBOCTI JITEH» Ta
OOTPYHTOBAaHO BEJIMYHMHH aC€POTEHHOTO HAJXO/KCHHs 3a0pyJHIOIOYUX PEYOBHH
aTMOC(EepHOro MOBITPsI (MI/KrX100y), SIKl B YMOBAaX TEXHOTEHHOTO PETiOHY IMOBIPHO
MPU3BOJIATH JI0 3HIHKCHHS aIaNTAlIHHIX MOXJIMBOCTEH TUTSYOTO OPTaHi3MYy.
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Abstract.

The article is dedicated to the hygienic estimation of chemical substances in the air of urban
territories, their aerogene reception to the child’s organism, methodical approaches of study health
at the children and scientifical problem — prevention of prenosological conditions on the organism
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of children, connected with influence of xenobiotics. In the conditions of industrial cities had been
proved aerogene reception of xenobiotics to the organism of children in the concentrations, which
exceed maximum admissible level, and lead to the immunological infringements, functional changes
of cardio-vascular and respiratory system, decrease of adaptation and physical development (below
average or low), disharmonious level of physical development and increase level of morbidity
among population of children. Mathematical model had been shown , influence of aerogene
receiption of xenobiotics to the adaptation of children” and quantity reception of chemical
substances from atmospheric air (mg/kg*daily), which cause decrease of adaptation on the
organism of children in the technogenic region.

Key words: xenobiotics, atmospheric air, health, population of children, prenosological
conditions, adaptation, risk, preventive measures.
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Anomauin. B pobomi pozensioacmvcs memabonizm  1inidi@  npu  OUCEMIHOBAHOMY
mybepkynvo3i. Mema 0ocnioxcenus — eusyumu ma oyinumu ckaao sxrcuprux xuciom (JKK) niniois y
naasmi Kpogi X60pux HA OUCEMIHOBAHUL MYOepKyIbo3 JleceHb 1 GU3HAYUMU IX 38'A30K i3
nepebicom xe0poou.

Mamepian i memoou. byno oocmediceno 103 (64,37 % i3 160) 300posi ocoou (I epyna) ma 57
(35,63 % i3 160) xeopux Ha ouceminoganuti mybepkyivos nezensv (Il epyna). Kupui kucromu y
naasmi Kpogi 00Caiodicysanu OioXiMIYHUM MemoOoM HA 2a30piOuHHOMY Xxpomamozpaghi «L{eem —
500».

Pezynomamu. Bcmarnoeneni cymmegi 3MiHU CReKMpa HCUPHUX KUCTOM JINIOI8 Y NAa3Mi KPOGi
Y X60pux Ha OUCEeMIHOBAHUL MYOepKyIb03 Ne2eHb, KL NPOSAGIAIUCL 3HAYYWUM NIOBUUWEHHAM
CYMAPHO20 PIBHA HACUYEHUX HCUPHUX KUCTOM HA MILL SHUHCEHO20 CYMAPHO20 6MICMY HEHACUYEHUX i
CYMU NONIHEHACUYEHUX JICUPDHUX KUCIOM, 6 pe3yabmami NOCUIeHOi akmueayii npoyecie
nepeKucHo20 oxkucieHHs ainiois. Buicm cmeapunosoi KK (Cis ) y nayienmis Il epynu  6ipo2iono
sHudcysaecs 8 1,63 pasu nopieuano 3 ocovamu I epynu (p < 0,001). ¥V xeopux na ouceminosanuii
myoepKynbo3 necend Kinvkicme apaxioonogoi KK (Ca4) 3pocmana y 2,13 pasu (p < 0,001),
kinokicmo oaeinosoi KK (Cis 1) s3uuocysanaca 6 1,48 pasu (p < 0,001) nopisnano 3 epynowo
KOHMPOJIO.

Bucnosxu. Pe3ynbmamu 00CniodiceHb NOKA3AAU, WO ICHYE 36'A30K [ 3ANEHCHICMb MIdC
PO3BUMKOM — OUCEMIHOBAHO020 MYOEpKYIbo3y Jle2eHb Ma HOPYUWEHHAM OOMIHY 1inidie i3
MOOUPIKAYIEID CKAAOY HCUPHUX KUCTIOM Y NIA3MI KPOBI, W0 8ANCIUBO 8PAXOBYBAMU NPU NPOBEOCHHI
JIKYBAHHS OAHUX NAYIEHMIB.

Knrwuosi cnosa: cnexmp, dcupri KUciomu, niazma Kpoei, mybepkyib0o3 ie2eHb.

Beryn. B VYkpaini BigMidaeTbCs CKJIaJHA €MIAEMIONOTIYHA CHUTyarlis 3
TyOEepKyJb0o3y: 30UIbIIEHA YacTKa TSOKKAX MOWMUpPEHUuX (opM Ta 3pOCTaHHS
MOKa3HUKIB JIIKAPChKO-CTIAKOTO TyOepKyiIb03y JiereHb. B VYkpaini moaHs
peectpytoTh 93-94 HOBHX BHUIAJKIB 3aXBOPIOBAHHS Ha M0 HEAYTy, IIOPOKY
BHSABJISAIOTH IMOHA 30 THC. XBOpHUX, a MoHaJ 8-10 THC. mOMUPAIOTh BiJ i€l XBOPOOH [
4, 5, 6 ]. Emigemito 1i€i XBOpoOU MIATPUMYE 3pOCTaHHS JIIKAPCHKO-CTIMKUX (opM
TyOepKyJb03y, BIUIUB COIIAJbHO-CKOHOMIYHMX YMHHUKIB [ 7 | Ta iHmmMX (akTopis,
10 3YMOBIIIO€ TIpIIi MOKa3HUKH €(PEKTUBHOCTI JIIKYBAHHS XBOPHUX 13 IIE€I0 HEIYTOIO
Ta MoTpedy y MPOBEAECHHI HOBUX JOCTIIKEHb UM yJIOCKOHAJIEHHS ICHYIOUUX 3 METOIO
MOTJIMONICHOTO0  PO3KPUTTA  mMarorenedy xBopobu. Ilpm  diziomorivaux Ta
MAaTOJIOTTYHUX Mpoliecax 3AIMCHIOIThCA Mpoliecu nepekrucHoro okucHenHs (I1OJI).
[Tim wac mpOXO/KEHHS TPOIECIB BUTBHO PATUKAIBHOTO OKHCJICHHS YTBOPIOIOTHCS

aKTUBHI (POPMHU KHCHIO, KOHIICHTpAIllA AKUX Y TKaHUHAX MpU (Pi310JOTTUHUX yMOBAX
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€ He BHUCOKOK. Hammmok axkTuBHMX (GOPM KHCHIO CIPUAE TPOXOKEHHIO
JAHIIOTOBUX PeakIlii 13 HAKOMUMYCHHSM JIMITHUX PaJUKaIiB, MEPOKCHIIB, TIIPO
nepokcuAiB Ta ankokcuaiB. IIponecu 110JI momkomKyroTh KIITHHHI MeMOpaHu Ta
MPU3BOAATH O BUHUKHEHHs maToJiorigHoro mpomecy [ 1 ]. o ckimamy KIITHHHHUX
MeMmOpaH BXOJATh >XUpHI KuciaoTu (JKK), ski € OCHOBHUM CyOCTpaTOM MpOILIECiB
[IOJI, Tomy 3MiHa iX ckiagy € 1HGOPMATUBHUM TOKA3HUKOM, IO BH3HAYAE
MOpYIICHHST OOMIHY JimiAiB. Bce 11e 00yMOBUIIO TOCTaBlICHY Mepea HaMHU METy -
OLIIHUTHU CKJIJ] KUPHUX KHUCIOT JIMIAIB Yy MJIa3Mi KPOB1 Y XBOPUX Ha TUCEMIHOBAHHMA
TyOEepKyJIb03 JIET€Hb 1 BA3HAYUTH 1X POJIb Y PO3BUTKY XBOPOOHU.

HocnipkeHHs: € (parMeHToM OaraTboX IJIAHOBUX HAYKOBO-IOCIITHUX POOIT
Hamionansnoro meauanoro yHiBepcuteTy iMeHi O.0. boromounbis MO3 Ykpainu.

Marepiajau Ta MeTOaAH

Hamu 6ymno o6ctesxxerno 103 (64,37 % 13 160) 3mopoBi ocobu BikoM Bix 18 g0 65
POKiB, KOTp1 He manuiau uurapku (I rpyna, kontposasHa) Ta 57 (35,63 % 13 160) ocibd
TaKOTO X BIKY, XBOPUX Ha JUCEMIHOBaHUM TyOepkynbo3 jerens (Il rpyna).

O6cTexenHs: ocid npoBomm y KuiBCbKUX MPOTUTYOEPKYJIHO3HUX 3aKiIaiax.
[linroroBky mpo6 1 razoxpomarorpadiuHuii aHami3 MNPOBOAMUIU 3TITHO METOIUKH
JI.LB. Cazonenko 1 T.C. bprosrinoi [ 3 ]. BusHaueHHs CKIamy >XUPHHUX KHCIIOT
dbocdominiaiB y miaa3Mi KpoBi IPOBOIUIN 010XIMIYHUM METOJ0M. B OCHOBI MeToy
JICKUATH EKCTPAKIIIS JIMIAIB 13 TUIa3MH KPOBi, BUIUICHHS (HOCQOTIMiAIB, METHITyBaHHS
1 razoxpoMarorpadiuHuii aHali3 KUPHUX KUCIOT Ha Ta30piIMHHOMY XpomaTtorpadi
"Ber-500" 13 mua3Mo 10HI3aUIMHUM JETEKTOPOM B 130T€pMIYHOMY pexkuMi. Ckian
KUPHUX KUCJIOT JIIIJIIB Y TUIa3Mi KPOBI OILIHIOBAJIM 32 METOJ0M HOPMYBAaHHS ILIOII] 1
BU3HAYEHHS YaCTKH XUPHUX KUCIOT (Y %) [ 2 ]. [Tloxubka noka3HukiB ckianana + 10
%.

CraructuyHa o0OpoOKa  pe3yibTaTiB  JOCHIPKEHHs  MPOBOJWJIACH  HA
MEPCOHAILHOMY KOMIT'IOTEpI 3 BHUKOPHUCTAHHSM TIaKeTa TMPUKIATHUX TPOrpam
Microsoft Office Excel, 2007. BiporizHumMu BBa)Kajqu PI3HULIO TMPU PIBHI
cTtaTucTUuHOil 3HauymocTi p < 0,05, p < 0,001, p < 0,001.

Marepianu KIIHIYHOTO MOCTIDKEHHS OyiIM PO3TJSHYTI KOMICIEID 3 THUTaHb
etuku HarionansHoro Meauunoro yHiBepcutery iMeHi O.0. boromonbiis, ne 0yio
BUHECCHO PIIICHHS, IO JOCTIPKCHHS BHUKOHAHI 3T1IHO CyYacCHUM HAayKOBHM
cTaHjapTaM, Oylu mepeadadeHl 3axoAu MO 3a0e3MEUYECHHI0 Oe3MeKu IS 370POB'S
Nali€HTa, TOTPUMaHHS MOro mpas JIFOJICHKOI TAHOCTI Ta MOPaIbHO-E€TUYHUX HOPM Y
BIIMOBIAHOCTI 710 IpHUHIUITB ['enbCiHKChKOI Aekiapallii npaB aoanau, KoHBeHIT
Panu €Bponu mpo npasa JHOJMHA Ta BIAMTOBIIHUX 3aKOHIB Y KpaiHH.

PesyabraTtu. Y mnasmi kpoBi B oci0 I rpymu (KoHTposibHA) B HalOUIbLIii
KiutbKocTi Hamu BusiBiieHI HacudeHl JKK: mamemitunoBa (C16:0) Ta creapuHOBa
(C18:0), mo cxnanu Bignosiauo (37,1 = 1,6) % 1 (13,4 +0,7) %. I3 nenacuuenux KK
Oynu Bu3HaueHi oneiHoBa (C18:1) ta minonera (C18:2) XKK: Bianmosinno (16,3 £ 0,5)
% 1 (29,1 = 0,5) %. ¥V mnna3mi KpoBi y KOHTPOJBbHIM TpyIli BCTaHOBJEHA 3HA4YHA
nacuueHicth XK (mo (50,5 £ 1,6) %) BHAcHiOK BUCOKOTO BMICTY MaJIbMITHHOBOT
KK (C16:0), saxa 3ab6e3neuye cTidkicTh a0 nocwieHux mpoiueciB [10JI. KinpkicHui
BMICT KHPHUX KHCJIOT Yy IUIa3Mi KpOBI y XBOPHX Ha JHMCEMIHOBaHHI TyOepKyiIbO3
nerewb (Il rpyna) BiApi3HSABCS Bij aHAJIOTTYHHUX iX MOKAa3HUKIB y 370poBux ocid (I
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rpyna). ¥ XBOpHX Ha AMCEMIHOBaHUU TyOepkyinno3 jereHb (II rpyma) Bigmiuamoch
HeBiporigHe 3HwkeHHs nanbMiTHHOBOT KK (C16:0) 1o (33,4 £2,7) % (p > 0,05) npu
koHTpoisi (37,1 + 1,6) %. Bwmict creapunoBoi XK (C18:0) y nauientis Il rpynu
BiporigHo 3HMXKyBaBcs A0 (8,2 = 1,1) % (p < 0,001) mpu (13,4 + 0,7) % y 310poBUX
oci0. 3umxeHuit piBeHb nanbMiTUHOBOI (C16:0) 1 creapunoBoi (C18:0) KK y xBopux
Ha JUCEMIHOBAaHUMN TyOEpKYIh03 JIETEHb CBIIYUTH PO MOPYIIEHY (PYHKITIIO MEUIHKH.

B oci6 Il rpynu y mma3mi kposi 3'sBuiack MipuctuHoBa XK (C14:0) (p <
0,001), xumbkicTh sik0i mopiBHIOBana (20,1 £ 1,7) %, MO CBIAYATH PO CYTTEBI 3MIHH
B CHIOKPUHHIM CHCTEMi JaHMX TMAaIll€HTIB; y 3J0poBUX 0ci0 MipuctuHOBa KK
(C14:0) Biacytns. PiBennb oneinoBoi XXK (C18:1) BiporigHo 3HmxyBaBcs B oci® 11
rpynu 1o (11,0 = 1,0) % (8 1,48 pasy, p < 0,001) nmopiBHsiHO 3 Tpymnor0 KoHTpotO (I
rpynoro), e piBeHs ii craHoBuB (16,3 = 0,5) %. Bwmict apaxigonosoi KK (C20:4) B
oci6 II rpynu miaBumyBascs y 2,13 paszu (p < 0,001) mopiBHSHO 3 TPyIOI0 KOHTPOIIIO
it cranoBuB (8,3 £ 0,8) % (y xouTpoii - (3,9 £ 0,4) %). TenaeHiis 10 3MEHIICHHS
HEHACUYEHOCT] JIMIZIHOTO KOMIUIEKCY IUIa3MU KpPOBI Yy XBOPHX Ha JIMCEMIHOBAaHMIA
TyOepkynbo3 JsereHb (p < 0,001) oOymoBiieHa BIPOTITHUM 3HUKEHHSM BMICTY
ninonenoi (C18:2) it oneinopoi (C18:1) KK (p < 0,001).

VY mna3mi kpoBi B oci0 Il rpynu BUSBIEHO XapaKTepHY 3aKOHOMIPHICTH 3 OOKY
MpoIleCy KOHBEpCii, 110 HEraTUBHO BIIOOpa)Ka€ThbCsl Ha PETyJSTOPHIN (yHKIIIT
pecmipaTopHOi CHCTEMH M XapakTepl mepebiry TyOepKylIbOo3HOTo mporecy. Taki
3MIHHM CKJIaAy KHUPHUX KUCITOT JIMIAIB y IJ1a3Mi KPOB1 3yMOBIIOIOTh 3HMKEHHS IO
HEHAaCU4YEeHOro JinigHoro komiuiekey a0 (19,7 £ 0,6) % (y konTpoasHii rpymi - (33,3
+ 1,5) %) (p < 0,001) Ta 3menmenns cymapHoro Bmicty HeHacudeHux KK go (30,7 £
2,1) % (p < 0,001) mpu (49,5 = 1,6) % y 310poBHUX 0CI0. 3MEHIIIEHHS CyMapHOTO
BMmicTy noii HeHacuuenux JKK (ITH XKK) y mna3mi kpoBi 10 (19,7 £ 0,6) % y xBopux
Ha JUCEeMIHOBaHMM TyOepkynbo3 sereHb (p < 0,001) (mpu (33,3 = 1,5) % y
KOHTPOJIbHIA rpymi) BiOyBaeTbcs B OCHOBHOMY 3a PAaXyHOK 3HHYKEHOTO PIBHS
ainonesoi KK (mo (10,1 = 1,5) %, p < 0,001; y 3mopoBux oci6 (29,1 = 0,5) %) Ta
CBITYUTH MPO aKTUBHUI crieliu(pIYHUN TPOLEC Y JIETEHSX.

XupHi KUCIOTH, AKI CHHTE30BaH1 y TEYiHI[, eTepU(IKYIOThCS y TPUTTIIEPUAN 1
PE3EepPBYIOTHCS Y JKUPOBUX JIETO, @ B MOJAIBIIOMY BUKOPUCTOBYIOTHCS Y CKJIAI1
dochomimiaiB ans moOya0BU KIITHHHUX MeMOpaH. I3 mia3smu KpoBi BUIBHI KHPHI
KHUCIIOTH MPOHUKAIOTh Yy TeMaToOIUTH, e YTBoproeThesa nanbmiTuHoBa KK (C16:0),
sKa MOTIM nepeTBoproeThes y cteapuHoBy KK (C18:0).

BucnoBku Ta nepcnektuBu. CKia >KHPHUX KUCTOT JIMIAIB y TJIa3Mi KpOBI y
XBOpUX Ha JMCEMIHOBAHWU TyOEpKYJbhO3 JIETEHb XapaKTePU3YETHCS IUCOATaHCOM
CHIBBIHOIIEHHS! CYMapHOTO BMICTY HACHYCHHX, HEHACHUYCHUX Ta MOJII HEHACHUEHUX
XKUPHUX KUCIOT. Pe3yapTaTi HaUX AOCTIIKEHb BCTAHOBUIJIM BIpOTiAHE MIABUIIICHHS
cymapHoro piBHsa HacuueHux JKK Ha Ti11 3HUKEHOro CyMapHOIro BMICTY HEHACUUYEHUX
KK 1 Bmicty ITH XK (p < 0,001), mo cBiguuTh Npo MOPYIICHHS METa0O0II3My
JOIAIB y JAHUX XBOPHUX y pe3yibTari nmocuieHoi aktusauli npouecis ix I[1OJI. bymno
MOKa3aHO MOPYIIECHHS OOMIHY JIMiAiB 13 MOIU(]IKAII€I0 CKIAMy >KUPHUX KUCIOT y
Iaa3Mi KpoBl y XBOpHX Ha JHUCEMIHOBAHMH TyOEpKy/IbO3 JIET€Hb, 110 HEOOXITHO
BpPaxoBYBaTH IPH MPOBEEHHI JIIKYBaHHS JaHUX MAIlI€HTIB Ta € JOCUTh BAXIUBUM Y
nepcrektuBl. CyTTEBO BUPaKEHI 3MIHU CKIIAy >KHUPHUX KHUCIOT Y TjIa3Mi KpPOBI
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BU3HA4YatoTh 9yTmBicTe g0 [IOJI, mo 103BOJAMTH  OI[IHIOBATH  XapakTep
MeTa0OJIYHUX TIPOIECIB Ta BCTAaHOBIIOBATH TSDKKICTh 1 HACHIAKKH mepediry
JAMCEMIHOBAHOTO TYOEPKYJIbO3Y JIETEHb.
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Abstract. The work deals with lipid metabolism n disseminated tuberculosis. Aim. Examine
and evaluate the spectrum of fatty acids (FA) of lipids in the blood plasma of patients with
disseminated pulmonary tuberculosis and determine their connection with the course of the disease.

Materials and methods. Have been surveyed 103 (64.37% of 160) healthy individuals (group
1) and 57 (35.63% of 160) of patients with disseminated pulmonary tuberculosis (group Il). Fatty
acids in blood plasma were investigated by the biochemical method using a gas-liquid
chromatography “Cvet — 500".

Results and discussion. The established substantial changes of spectrum of fatty acids in the
blood plasma lipids in patients with disseminated pulmonary tuberculosis, that manifested
significant increase in the total level of saturated fatty acids against the background of a low total
content of unsaturated and amount of polyunsaturated fatty acids as a result of intensified
activation of lipid peroxidation. The stearic FA (Ciso) in patients of group II authentically
decreased in 1,63 times compared with persons of in group I (p < 0,001). In patients with
disseminated pulmonary tuberculosis amount of arachidonic FA (Cz 4) increased in 2,13 times (p <

0,001), number of oleic FA (Cis 1) decreased to 1,48 times (p < 0,001) compared with the
control group.

Conclusions. The results of studies showed that there was a connection and dependence
between the development of disseminated pulmonary tuberculosis and violation of the exchange of
lipids with modification of the fatty acid composition in the blood plasma, which is important to
consider during treatment these patients.

Key words: spectrum, fatty acid, plasma of blood, pulmonary tuberculosis.
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Anomauis. B pobomi po3ensoaiomscs pe3yivmamu OYiHKU CKIA0Y HCUPHUX KUCIOM TINidi8 y
cuposamuyi Kpoei y Xeopux i3 1-2 noainamu wiyHKa Ha 2a30piounHomy xpomamozpagi cepii «L]eem
— 500» i3 naazmo ioHizayiuHum 0emekmopom 8 izomepmiunomy pexcumi. Kinvxicny oyinky cknaoy
HCUPHUX KUCTIOM Ninidie y cuposamyi Kposi y NaAyicHmie npu NONINAX WIYHKA NPOBOOUIU 3d
MemoOOM HOPMYBAHHSL NIOW ULISIXOM BU3HAYEHHs NiKi6 iXx Memunosux epipie ma ix uacmxu (y %).

YV xeopux i3 [-2 noninamu wiyHKa CKIAO JHCUPHUX KUCAOM JINIOI8 3MIHIBABCS |
Xapakmepusy8ascs 3p0OCMAHHAM CYMAPHO20 8MICHY HEHACUYEHUX HCUPHUX KUCTIOM (8 MOMY YUCi
noni HeHaCMlleHMX) ma 3HUNCEHHAM CYMAPHO2O 6Micmy HACUY€eHUX JfCUpHuUxX Kuciom, uo Cc8I0HUMb
npo NopyuternHs Memaoonizmy Ainioie. IMiHU CReKmpa HCUPHUX KUCIOM JINIOi8 y cuposamuyi Kposi
3anedcams 8i0 HAAGHOCMI YU GIOCYMHOCMI NONINIE Y WAIYHKY, WO CEIOHUMb NPO HeOoOXIOHICMb
KOpeKyii CKAa0y HCUPHUX KUCTIOM NPU iX IIKYBAHHI.

Knrouoei crosa: winynox, noainu, 1iniou, HCupHi KUCI0MU, CUPOBAMKA KPOBL

Berym.

VY OionoriyHux MeMOpaHax OpraHi3My JIIOJUHU TMPOXOJATh MPOLECU
nepekucHoro okucHeHHs mimiaiB (ITOJI), B pe3ynbrari 4oro yTBOPIOIOTHCS KHUPHI
kucinotn (OKK) [3]. V 3mopoBux oci® oOMiH pedoBHH (B TOMY YHCII JIMIAIB) €
30aJIaHCOBAaHUM, 1110 o6yMOBJH0€ MEBHE CITIBBIHOMICHHS CYMapHOTO BMICTY
HACMYCHUX, HEHAacHueHUX 1 moii HeHacuueHux >kupHux kucinor ([IH XKK) y
CUPOBATII, TJ1a3Mi Ta O610JIOTTYHUX MeMOpaHax epuTponuTiB kKpoBi. [Ipy BUHMKHEHH1
MaTOJIOTTYHHUX MPOIIECIB CITIBBITHOMICHHS YKUPHUX KUCIOT Y KPOB1 3MIHIOETHCSI.

VY mpocBITI TOBCTOI KHUIIKM TpH OakTepiasibHIM (epMeHTalli yTBOPIOETHCS
MacJysHa KUPHA KUCIOTa (KOPOTKO JIAaHITIOroBa) [2]. MacnsHili KUCIIOTI TpUTaMaHH1
NpOTU3aNaibHI Ta AHTUKAHIIEPOTCHHI BIIACTUBOCTI, TOMY JE(IIUT I1i€] KUCIOTH
CIIpUsi€ PO3BUTKY 3alajbHUX 3MIH Y KHUIIEUHUKY [2, 5]. B oprani3mi JroauHu OAH1
KUPH1 KUCJIOTU TEPETBOPIOIOTHCS B 1HIII (MPUETHYIOTh UM BIAIICIUTIOIOTH BYTJIEI),
TOMY pPiB€Hb KOPOTKO JIAHLIOTOBHX >KMUPHUX KHUCJIOT MOB'SI3aHUN 13 PIBHEM JIOBrO
JAHUIOTOBUX KUPHUX KUCTIOT.

KupHi KHUCIIOTH € CTPYKTYpHHUMH e€JIeMeHTaMu O10JIOT1YHMX MeMOpaH 1
oe3mocepenHbo O0epyTh ydacth y peakiisax [1OJI, Tomy iX sKicHI 1 KUTBKICHI 3MIHU
MOXKYTh CBITYUTH TPO HASBHICTH MATOJOTIYHOTO MPOIECY, WOTO aKTHUBHICTh Ta
1HTeHCUBHICTH peakuii [TOJIL.

BuBdeHHST crniekTpa >KUPHUX KHUCJIOT y CHPOBATIIl KPOBI JIO3BOJISE OI[IHUTH
CTYMIHb 3alajbHOrO MPOLECy 1 CTYyNiHb NOPYUIEHHS METabodi3My JIMigiB Y
TUHAMII, JOTIOMOXE IMMPOTHO3YBATH MOJANBINIANA Tepedir 3aXBOPIOBaHHS 1 HOTO
3afaJbHUX 3MiH, KOHTPOJIOBATH TMPAaBWIbHICTh TPU3HAYECHHS JIIKYBaHHS Ta
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HiABUIIMTHA HOro e(PEeKTUBHICTh y XBOPUX HA MOJINH IUTyHKA, BIUIMBAIOYM Ha CTaH
HKUPHUX KUCIIOT.

Metorw nocmiKeHb OyJ0 OUIHUTH CKJIaJ KUPHUX KUCIOT JIMIAIB y CUPOBATLI
KpPOBI y XBOPHUX 13 TOOJUHOKMMHU TOJIIITAMH IIJTyHKA.

Marepian i merogu. Hamu Oyno oOcrexeno 35 (52,2 %) 3mopoBux ocio (I
rpyna, nopiBusHHS) 1 32 (47,8 %) xBopux i3 1-2 mominamu nwryaka (II rpyma). Bik
ycix obctexxeHux ctaHoBUB Bi7 30 10 75 poKiB.

Y BHAUIEHUX Tpymax XBOpPlI CYTTEBO HE BIAPI3HAIUCS 3a BIKOM, CTarTIO,
po3MipamMu TOJIMIB, TOOTO IPyNH OOCTEKEHUX 0C10 OyJIM OHOPITHUMU 32 OUIBIIO0
KUIBKICTIO O3HAK 1X KJIIHIYHOI XapaKTePUCTUKH, 110 JAJI0 MOXJIUBICTh MOPIBHIOBATH
I POBI MTOKA3HUKH.

HocnipkeHHss  npoBoawJid  Ha  0a3l  kimiHIKK  JlepkaBHOI  yCTaHOBH
«HamnionanpHuii iHCTUTYT Xipyprii Ta Tpancrmuiantonorii iMm. O.0. llanimosa HAMH
VYkpainn» (HuH1 - HarioHnanpHUl HayKOBUM IEHTP XIpyprii Ta TpaHCIUIAHTOJIOTIT
imeH1 O.O. IllamiMoBa), e 3HAXOAWJIMCh XBOp1 Ha JIIKyBaHHI (aMOYyJIATOPHOMY YU
CTalllOHAPHOMY).

3a pgomnomMororo (GpidporacTpoayoAeHOCKOIIi BHUBYAIN CTaH CJIM30BOI 00OJOHKH
NUTYHKa 1 [JABaHAAMATHIAIOI KHINKA Ta BHSABISIM Yy HuX mojinu. Ilig dgac
€HJIOCKOITIYHOT0 JOCTIIKEHHS (30HI0M) ab0 IpH MOJIMEKTOMII MPOBOAUIN 3a0ip
MaTtepiany moJjina mis 6iorcii (3 METOH BHKIIOYEHHS Y MiATBEPIKEHHS HOTO
MaJIirHizartii).

OuiHKy ci1M30BOi OOOJOHKHM LIJTYyHKAa MPOBOJAMIIM Bi3yajabHO Yy BIJIIOBIIHOCTI 3
€HJOCKOIIYHUM PO31IoM XbIOCTOHCHKOT Monudikamii CigHeichkoi kimacudikarrii
XPOHIYHOTO racTpUTy (HaOpsiK, rinepemisi, YyTIUBICTh CIU30BOI OOOJIOHKH, €KCyaT,
IJIOCKI YM MITHATI epo3ii, rimeprasisi Ta arpodis CKIaA0K, BUAUMICTh CYIUHHOTO
MaJIIOHKY, M1JCIU30B1 KPOBOBUJIUBH).

d16poracTpoyOI€HOCKOIIIST MPOBOAMIACH 3a JIONOMOIOK  €HJIOCKOMIYHHUX
amapariB 3 eHJI0BIeocucTeMOI0 (BUpoOHUIITBA (hipMu «Olimpusy, SAmnoHis).

JInst OIIHKM CKJaAy S>KHUPHUX KHUCJIOT Y CHpPOBATLl KpOBI y XBOpHUX JI0
OTIEpaTUBHOTO BTPYy4YaHHs HaTiie Opamu kpoB (3-5 mu1) 13 BEHH OJHOPA30BUM
HIIPUIIOM Y HEHTpUdyxHy mpolipky o6’emom 10 My 1 ieHTpUyryBaau MpoOTAroM
15 xB. nmpu mBuakocti 1500 o6epTiB 3a xBuiMHY. [loTiM BepxHiii map (CHpOBATKY)
BimOupanu minetkoro Ilactepa y neHTpudyx Hy mpoOipKy AJis €KCTpakKilii JIMiaiB,
BUJIEHHS (pocdoninigiB, METUITYBaHHS 1 ra30XpOMaTOrpadiyHOro aHaii3y XKUPHUX
KHCJIOT.

Cknang  KUpHMX KHUCIOT (oc@omimiiB CHUpPOBATKA KpOBI BHMBYaBCS Ha
razopimmaaOMy Xpomatorpadi cepii «l[Ber — 500» i3 mna3mo 1OHI3aIIHHUM
JIETEKTOPOM B 130TepMiuHOMY pexkumi. [liaroroBky mpo6 i1 razoxpomartorpadiaauit
aHaji3 JIMiAIB y CUPOBATIl KpoBi npoBojauiu 3rigHo meroauku JI.B. CazoHeHko 1
T.C. bprosrinoi (2003) [4]. OuiHKy CKJagy >KHPHUX KHCJIOT JIMIAIB y CHUPOBATII
KpPOBI MPOBOAMJIMA 32 METOJOM HOPMYBaHHS IUIONI (ILJISXOM BHU3HAYEHHS MIKIB X
MEeTUJIOBUX e(ipiB Ta iX 4acTku), Mo BUpaxkanu y BimcoTkax (y %) [1]. IToxuOka
BHU3HAYECHHS MOKa3HUKIB ckiana + 10 %.

CratuctnuHa o0poOka  pe3ynpTaTiB  JOCHIIKEHHS  MPOBOAWIACH  Ha
NEPCOHAIBHOMY KOMIT'IOTEPI 3 BHUKOPUCTaHHSIM IIaKeTa MPHUKIAJHUX MPOrpam
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Microsoft Office Excel, 2003, 2007. BiporimHumMu BBa)kaiu pPI3HULIO NPHU PIBHI
cTaTucTYHOI 3HauymocTi p < 0,05, p < 0,01, p <0,001.

Martepiaiii KJIIHIYHOTO JOCHIKEHHSI OyJiM pO3IJISHYTI KOMICIED 3 MHUTaHb
etk HamionanpHOI MeauuHol akajmemii IiciasiauiuioMHol ocsBith imedi [1.JI.
[ynuka (HuHi — HamioHaneHu# yHIBepcUTET OXOpoHH 310poB’s imeHi [LJL
Illymmuka), ne 6y0 BUHECEHO PIIICHHS, 110 JTOCIIKEHHS BUKOHAHI 3T1IHO Cy9acHUM
HAayKOBUM CTaHJapTaMm, Oyid mnepeadayeHl 3aXoau Mo 3a0e3NeueHHI0 Oe3MeKu s
3I0pPOB’S TAII€EHTa, TOTPUMAHHS WOTO TpaB JIOJACHKOI TIMHOCTI Ta MOPAIBHO-
€TUYHUX HOPM Y BIAMOBIZHOCTI 10 NPHUHIUIIB [ eIbCIHKCHKOI JeKiapallii mpas
moaunu, Konsenuii Pagu €Bponu npo mnpaBa JIOAMHM Ta BIANOBIAHUX 3aKOHIB
Ykpainu.

Pe3yabTaTtn Ta ix 00rosopeHHsi. Y cupoBaTil KpoBi 310poBux oci6 (I rpyna)
HaWOLIBITY YACTKy CKJIAB BMICT HACHYCHHX JKUPHHUX KHUCIOT, SKi 3a0e3leuyBaiu
CTIHMKICTh KIITUH KpoBi 10 nporeci [10JI, Mmenmry yactky — BMicT HeHacuueHnx KK,
HallMEHIIly 4acTKy — BMICT 1ol HeHacuyeHux KK.

AHaJIi3 HaIlUX JOCIIKeHb TT0Ka3aB, 110 Y CHPOBATIIl KPOBI XBOPHUX 13 MOJIIITaMH
nutyHka (Il rpyma) 3poctaB cymapHuii BMICT HEHACHUYEHHUX JKUPHUX KHUCIOT (B TOMY
YHUCJI TIOJI HEHACMYEHUX) Ta 3HIDKYBABCS CYMapHUN BMICT HACHYEHUX JKUPHUX
KHCIIOT.

VY marientiB Il rpynu BMICT HEHaCHYEHHX >KMUPHUX KHUCIOT 3pocTaB a0 (54,7
1,8) % (p < 0,001) mpm (43,0 + 2,0) % y 3n0poBux oci6 (I rpyma).

Hocrogipue 3poctanns Bmicty [TH KK B oci6 II rpynu (mo (39,0 = 1,6) %, p <
0,001) opu (18,8 £ 1,8) % y 310poBHX 0Ci0 BiAOYBaIOCh y pe3ysibTaTi 30UIbIICHHS
piBHsA siHONEBOT (Cig2) Ta apaximoHoBoi (Cyos) JKK. PiBenp minoneBoi KK (Cis.)
3poctaB a0 (26,4 £ 1,5) % — B oci6 II rpymu (p < 0,001) mpu (16,0 = 1,4) % y
3nopoBux ocid (I rpyna, mopiBHSIHHS).

Pisens apaxizonoBoi KK (Cyo.4) y XBOpUX Ha MOJINU HITyHKA 3poctas a0 (11,3
+ 1,0) % (p < 0,001) pu (2,8 £ 0,3) % y 310p0oBHX 0CIO, 110 3aCBITUYE HASIBHICTH
3aMajgbHOrO MPOILIECY.

CyMapHuii BMICT HACHYEHHX >KUPHUX KHUCJIOT JIOCTOBIPHO 3HI)KYBAaBCS Y
namiedTiB Il rpymu o (45,3 =+ 1,8) % (p < 0,001) npu (57,0 £ 2,0) % y 310poBUX
oci6 (I rpyma). ¥ cupoBatiii KpoBi y XBOPHUX 13 MOJINaMU MITyHKA 3’ SIBISUIHCH
MmipuctrHOBa (Ci4.0) Ta MaprapunoBa (Ci7.0) KK (p < 0,001), saxi BiacyTHI B Tpy1i
nopiBHsAHHA (I). ¥V II rpyni kinbkicte MipuctuHOBOI KK (Ci4.0) ckitana (9,5 + 0,8) %,
a maprapuroBoi XK (Ci79) — (0,7 £ 0,1) %. Hasasuicts mipuctunoBoi XK y
CHUPOBATIIl KPOBI1 y MAIlIEHTIB 13 MOJINaMU NUTYHKA CBIAYMTH MPO €HIOKPUHHI 3MIHH
B iX oprasi3mi, a nosisa MaprapuaoBoi JKK 3yMoBieHa MpUCYTHICTIO OakTepiaabHOI
1HeKI.

Kinekicts nansmiTuHOBOiI (Cieo) Ta creapunoBoi (Ciso) KK moctoBipHO
3HMXKYyBajack y xBopux Il rpynu: Bigmosigao mo (28,6 £ 1,5) %1 (5,8 £0,6) % (p <
0,001) mopiBHSHO 13 3J0POBUMH 0CO0aMH, Jie KIIbKICTh anbMiTHHOBO1 KK ckianana
(41,9 £0,9) %, a creapunoBoi — (15,1 £ 1,3) %.

[Ticns BCMOKTYBaHHSI JMIAW B OpraHi3Mi JIOAWHH TOTPAIUISIIOTE Y KpPOB,
OMMHAIOYH TEUIHKY, SIKa BIJIFPAa€ BAXJIMBY POJb Yy iX MeTaboJi3Mi Ta B YTBOPEHHI
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NaJIbMITHHOBOT 1 CTEapUHOBOI >KMPHUX KHCIOT, TOMY 3HHXEHHS KUIBKOCTI IUX
KHCJIOT Y XBOPHUX 13 MOJIIaMHU IUTYHKa € CBIAYCHHSM IMOPYIICHHS B HUX (YHKIT

BuCHOBKM i IepCNEeKTUBH MOAAJBINNX JOCIIZKEHb.

VY xBopux 13 nominamu umyHka (II rpyna) ckmaj *XKUpHUX KUCIOT JIMIAIB Y
CHUPOBATIII KPOBI 3MIHEHUH 1 XapaKTepU3ye€TbCS 3POCTAHHSIM CYMapHOTO BMICTY
HeHacuueHux KK (B TOMy 4uMcii MoJii HEHACHYEHUX) Ta 3HMUIKEHHSM CyMapHOIO
BMicTy HacuueHuX JKK, 1o cBiqunTh mpo nopyueHHs: MeTado0i3My JiMiaiB.

3MIHM CKJaJy >KUPHUX KHUCJIOT JIMiAIB Y CHPOBATIl KPOBI y XBOpHX I3
MOOJIMHOKMMH TOJIIMaMH HUIyHKa (He Oulblie 2-X) BHHHMKAIOTh Yy PE3yJbTari
nocwiennx mporieci [10JI Ta BiAKpUBaIOTh NEPCIIEKTUBY JJIs1 TIMOIIOTO 1 IMIMPIIOTO
PO3KPHUTTS TMAaTOT€HE3y 3axBOproBaHHi. lle MoXe COpuaATH  MiABUIICHHIO
e(eKTUBHOCTI JIIKyBaHHS Ta MPO(UIAKTUKH PEIUAMBIB MOMIMIB NUTYHKA, MUIIXOM
3aCTOCYBaHHS B KOMILIEKCHOMY JIIKyBaHHI1 3ac001B, sIK1 BIUIMBalOTh Ha ckiiaj XKK.
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Abstract. Studied the fatty acid composition in blood serum lipids in patients with 1-2
stomach polyps GLC ( Gas-Liquid Chromatography) series of "CVET - 500" plasmaionization
detector in isothermal mode. Quantitative evaluation of fatty acid composition of serum lipids in
patients with the stomach polyps area normalization method was performed by determining the
peaks of their methyl esters and their proportion (in %).

In patients with 1-2 stomach polyps fatty acid composition of lipid varied and characterized
by increasing the total amount of unsaturated fatty acids (including polyunsaturated), and
reduction of the total amount of saturated fatty acids, suggesting lipid metabolism disorders.
Changes in the spectrum of fatty acids of lipids in the blood serum of patients with polyps of the
stomach depend on the presence or absence of polyps, which indicates the need for correction of
the composition of fatty acids in their treatment.

Key words: stomach, polyps, lipids, fatty acids, blood serum
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