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THE OPERATING MODEL OF THE MAINTANCE PROCESS OF

COMPLEX TECHNICAL SYSTEMS
OIIEPATOPHA MOJEJIb ITPOLIECY TEXHIYHOI'O OBCJIYT'OBYBAHHA
CKJAJHUX TEXHIYHUX CUCTEM
Tarasenko S.M. / Tapacenko C.M.
adjunct /a0 tonkm
ORCID: 0000-0002-8779-5621
Military Academy (Odesa), Odesa, str. Fontana Road, 10, 65009
Biticoxoea axaoemisi (m.Ooeca), Odeca, Poumancvka oopoea, 10, 65009

Anomauia. Jlana poboma € HAYKOBO-MeOpemuyHoo cmammero, V AKiU 00CAI0HCEHO
npooremy 8UKOPUCMAHHA ONEePAMOPHUX MoOenel OJisl AKICHO20 6UKOPUCIMAHHA iX NpU NIaHYEAHHI
eKCNILYamayitiHux 3axo0ié Ha mexwiyi, 3p00aeHo 02150 Aimepamypu 3 nocmaeienoi npoonemu. y
cmammi po32isAHYmo nepexio 3a MexHiYHUM CMAHOM 00 €Kmi@ CKAAOHUX MEXHIYHUX cucmem 00
cucmemMu MexHiYHO20 00CNY208)Y8AHHA MA PEMOHM) i3 3ACMOCYBAHHAM ONEpaAmopie cmawy, AKi
MICHO MO8 A3aHi Midc coO010.

s 0ocsaenenus nocmasieHoi memu pooomu UpiueHo psao 3a60aHb, MAKUX K NPOBEOeHUll
AHANI3 ICHYIOYUX MOOeNel JHCUMMEBO20 YUKILY, CHOPMOBAHO MUNOBY KOHYENYilo HCUMMEBO2O
YUKTY, CUCMeMAMU308aHO CKIAO0 OCHOBHUX emanie HCUmmeeo20 YUKIY OJisl MONCIUBOCHII
BUKOPUCMAHHS 8 NIAHYBAHHI 8 CUCeMAX NIOMPUMKU MA NPUUHAMMI pileHb.

Knrwowuosi cnosa: onepamopui mooeni, CKIAOHI MEXHIYHI CUCMeMU, HCUMMEBU YUKI,
MexHiuHe 00CIY208Y8aHHS, PEMOHM, NAAHYBAHHSA, CUCTNEMA NIOMPUMKU NPUUHAMMS PilleHb.

Beryn.

JIOCIIIKEHHIO JKUTTEBOTO IUKITY CKIAAHUX TEXHIYHUX CUCTEM MPUCBIUYECHO PST
nmyOJTiKalliil K B HaIIM KpaiHi, Tak 1 3a 11 MmexaMu. bynb skuil 00’ €KT eKcIutyararii
Mae 0OMeXeHY TPHUBAJIICTh CBOIO 1CHYBaHHsI, TOOTO BiH Ma€ CBIM JKUTTEBUH ITUKIL
Jlep>kaBHUM CTaHAApPTOM BCTAHOBJICHI CTaii >KUTTEBOTO IMKIY Ta BHKJIAJICHI
3arajibHi YMOBH JI0 TPOILECIB Ta 3MICTy POOIT NPOTATOM KHUTTEBOTO LIHUKITY.
[Hdopmartist mpo eTanu KUTTEBOTO MUKITY € BKpail BaXKJIMBOIO, BOHA J]A€ MOXKIIUBICTh
BU3HAYATH PsIJ] BAXKIMBUX MOKA3HUKIB €(hEKTUBHOCTI HOTO BUKOPUCTAHHS.

OCHOBHHUI TEKCT

Po3BuToK TexHIKM Ta i CKJIAJOBMX HaOyB ChOTOJHI HEaOWSKOro MOTEHIialy
0COOJIMBO PO3TIISAAIOYN CKJIQJHI CUCTEMHU YIIPABIIHHS, PAIOTEXHIYHI Ta MEXaHIYHI
CUCTEMHU TOIIO, OCOOJMBICTh PO3BUTKY SIKMX CIPSMOBAaHI Ha BUPILIEHHS MUTaHb
HaJIIMHOCTI Ta OE€3B1IMOBHOCTI.

XapakTepHOIO OCOOJIMBICTIO CKJIQJHUX TEXHIYHUX OO0'€KTIB CHEIaIbHOTO
MpPU3HAYEHHS € HasgBHICTh B IX CKIAJl BEJIMKOI KIIBKOCTI PI3HOTHUITHUX
KOMILUIEKTYIOUUX €JIEMEHTIB, $KI MaloTh pI3HUNA pIBEHb HAJIIAHOCTI, PI3HI
3aKOHOMIPHOCTI TPOIIECIB iX 3HOCY 1 cTapiHHs. [l ocoOmuBicTH BMMarae OUIbII
TOHKOTO MIJIX0Iy A0 OpraHi3allii Ta rmiaHyBaHHs TexHiuHoro oociyroByBaHHs (TO) B
npoiieci ix exkcruryaTarii [2].

Posrnsmaroun  excrutyaTaliifHy JOBIOBIYHICTh MEXaHIYHHX CHCTEM BapTo
3a3HAYUTH, 1110 OCHOBHUMH 3 UHWHHHUKIB €KCIUTyaTallliHUX BTpPaT € SBUIIE
BTOMJIIOBAHOCTI CKJIAJIOBUX MEXaHI3MIB (CHUCTEM) YM palTOBI HABaHTAXXCHHS, SKi
3HAYHO TEPEBUIYIOTh PO3PAXYHKOBI KPUTEPil MOMYCTUMHX HaBaHTaXEHb, IO
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OpU3BOASTH JI0 TOJAMKHM JeTaje (CKIaJoBUX), Ta MOJIMBE BUHHKHEHHS
3aKJIMHIOBaHHS cTIpsikeHb. OJJHUM 3 BarOMUX MOKAa3HUKIB BUXOJY 3 JIAy € JIFOJICHKHI
dakTop HEAKICHOI eKCIulyaTalii, SIK HacliIOK BIJICYyTHbOI a00 HEIOCKOHAJIOT
HABUCHOCTI EKCIUTyaTalifHuX 0COOIMBOCTEN TEXHIKU (00’ €KTY).

KutTeBuil UK eKCIUTyaTalii 00’ €KTy BapTO PO3TJSHYTHU SIK CTPYKTYPHY CXEMY
y sIKiii Ha 00 €KT eKCIuTyaTallii Jil0Th PI3HOTO POy MOB’s3aHI MIXK CO00I0 (paKTOpH.
CrpyktypHa cxema cuctemu 3abe3neuenns excruryaraiii (C3E) crtucio BinoOpaxena
Ha pucyHky 1 (puc.l).

-y

~ EdbextusricTs ~

N
7 ekcnnyaTauii . %
h Y
— I_ =
Cuctema I Cuctema
ACONPautoBaHHA ekcnnyatauii § I KOHTpONo Ta
Ta MoAepHisallii v I ynpaeniHHS
YmoBsu 7
/
. Cuctema ~’.)/TFW"‘\"E‘HHF' 1 Cuctema
i - —
BiJHOBNEHHS - k YyTPYMaHHS
3 Ymosu
~ excrinyataui _, #
oy e e -

Pucynok 1 - CrpykrypHa cxema C3E
Icepeno: [1]

MeToto 300pakeHOi CXEMHU € CTUCIIE TPEICTABICHHS TEXHOJIOTTYHOTO TPOIECY
BUKOPHUCTAHHA 00’ €KTy Yy BHUIUIAl B3a€MOIOB'SI3aHUX EJIEMEHTIB - MIJCUCTEM - 3
BU3HAYEHHSIM METH 1X (YHKIIOHYBaHHS Ta BH3HAYCHHS 1X BIUIMBY Ha 1HIII
nigcucteMu. llpencraBieHa cxema Ha MepUIMI MOMISLA € MPOCTa, ajle BOHA
MIPE/ICTABIISIE HAM TEXHOJIOTIYHY CHUCTEMY, CKIIAJJOBUMU YAaCTUHAMHU SIKOI € OKpemi
MIJICUCTEMHU TICHO MOB’S3aHUMH MK COOOI0 1 caMe 3a JOIIOMOIO JaHOI CXEMU
MO>KJIMBO OIIMCATH CKJIAJHI TEXHIYHI CHCTEMH, K1 Ha CHOT'OJHIIIHINA J€Hb HAC BCIOJIN
OTOYYFOTb.

Mopeni >KHTTEBOTO IUKIY TEXHIYHOTO 00’€KTa MOXYyTh OyTH pizHumu. lle
0oOyMOBJIEHO SIK 1X PI3HOMAaHITHICTIO, TaK 1 CHENU(IKOW iX BHUKOPHUCTAHHS.
HesBaxatoun Ha Te, IO >KUTTEBI LIUKIH JUIsI KOKHOTO OKPEMO B3SITOTO BUMAAKY
MOXXYTb CYTTEBO BIJIPI3HSTHCS, ajl€ ICHYIOTh JESKI 3arajlbHONPUNUHATI MOJENI, SKi
MOXYTb CTaT 0a30BOI0 OCHOBOIO.

JIist MonenmtoBaHHS CKJIAJIHUX TEXHIYHUX CHCTEM OCOOJIMBO B YMOBax
HEBM3HAYEHOCTI 3aCTOCOBYIOThH OMEPATOPHI MOJIEN1 B1IOOPaKEHHS YKUTTEBOTO ITUKITY
00’€KTy, caMe BOHO € BIIYYHUM Ta JOLLIbHUM.

OnepatopHa MoOJ€Nb TEXHOJOTIYHOTO TIPOLIECY CKIAAAEThCS 3  JIAHIOTA
B3a€MOIIOB'SI3aHUX E€JIEMEHTIB - OIEpPaTOpiB, 3B'I30K MK SKHUMH 33J0BOJBHSIETHCA
3aBASIKU MOTOKaM BILJIUBY.

B nporeci ekcrutyaraiiii 00'€éKT B KOXEH MOMEHT 4acy MOKE 3HAXOJUTHUCSA B
OJIHOMY 3 HACTYIHHX CTaHIB:
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— CIIPaBHUM;

— Mpane3/1aTHUM;

— HEMpane3aaTHUum.

3acTOCOBYBATHCS 3a MPU3HAYEHHSM O0'€KT MOXE TUIBKM B CHpaBHOMY a0o
mpare3aTHOMy  CTaHl. BiIHOBIEHHS 70 CIpPaBHOTO aboO TMpare3aTHOTO CTaHy
MIPOBOJIUTHCA 32 PAaXyHOK MOTOYHOTO peMoHTy. TO, sK TpaBWIO, MPOBOIUTHCS
TIIBKA TIPU Tpane3fgaTHoMy cTaHi oO'ekra. SIKI0 [0 MOMEHTY MOYaTKy
npoBeseHHs TO (abo B mporneci TO) BimOyBaeThcs MOBHA BIJIMOBA, TO HAa MOYaTOK
IIPOBOJMTHLCS BIIHOBJIEHHS 00'ekTa, a TOTIM BHUKOHyeThcs TO [2]. Anamiz
BUKOPUCTAaHHS TEXHIKM Ta mpoBeneHHa TO mnokaszye, IO CXEeMaTU4YHO BiH
npeAcTaBiisie coOOK JAHIIOT omeparlii «30epiraHHs» — «KOHTPOJIb TEXHIYHOTO
CTaHy» — «BIJIHOBJICHHS TIpale3AaTHOCTI» — «30epiranHs» (puc.2).

Jlanmror omepariii Bka3zye Ha MOCIIJIOBHICT, BUKOHAHHS OIEpalliid Iija Yac
BUKOHAHHS BITHOBJICHHS.

Pucynok 2 — JIanuior onepauiii 00C;iyroByBaHHSI TEXHIKH
Icepeno: [6]

[lepexig 00’€KTy 3 OAHOTO CTaHy B HACTYIIHI CTaHW MOXJIMBUN JIUINIE MiCIS
3aBEepUICHHSI MONEPEIHBOI onepallii Ta IPUHHATTS BIAIOBIIHOTO pillieHHS [6].

Jlnst moOy7oBH  OMEpaTOpPHOI MOJIETi MPOIeCy TEXHIYHOTO 3a0e3medYeHHs
eKcIuTyaTarfii 00’€KTy BUKOPUCTAaEMO THMOBI omepatopu [l, 3], KOXHUN 3 AKUX
XapaKTEepU3y€eThCsl  IHTEHCUBHICTIO MAii  w,, pecypcom Q,, KoedimieHTOM

MEPETBOPEHHSI PE3yJIbTATIB omeparii g, Ta {,, a TAKOXX IHTCHCUBHICTIO A,, 3MIHH

BUJIYy CTaHy [6, &].

TakuM YMHOM, THUIIOBUW OIEpPaTOp OMNHUCYE MPOAYKTHUBHICTH Ta SKICTb
00CIIyroByBaHHsI TIpM BUKOHAHHI TMOKJIQJCHOI omepallii, a TaKoX 3MIHU BHUIY
TEXHIYHOT'O CTaHy 00’ €KTY i/ BILTUBOM HETaTUBHUX (DaKTOPIB.

Posrasigatoun nBa BUAM TEXHIYHOTO CTaHy (CIPaBHUN — 3 HETIAPHUM 1HIEKCOM,
HECIpaBHUN — 3 TAPHUM IHJIEKCOM) KOMIIOHEHT TIPOIleCy eKcIuryaTaiii Oyjae
MIPEACTABJICHHH JII€10 BIAMOBIAHOTO oniepaTopa L oapa3y Ha Mmapy CTaHiB

E:’ = {'92:'—1- EE!'}'

IIpn npomy
.FIJI'I:EI'—ljJ = L,‘I:E!-],

J€ W — KUIBKICHMH IIOKa3HWK PO3IMOJIIY eJeMEHTY O0’€KTy eKCIUTyaTallli Ha
MHOXUHI E (iHaukatopHa (QyHKIiS, WMOBIPHICTH 1 T.1.). BiAmoBiiHO A0 cXeMu
onepaTtopa L IHTEHCUBHICTh HOTO JisJIbHOCTI a00 MPOYKTUBHICTh

W, = W,p;_1 + W,o;.

IHTEHCUBHICTH
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L =2.(601,0s )

3MIHM BHJY TEXHIYHOTO CTaHy XapakKTepu3ye MpoLeC BUHUKHEHHS
HECIPAaBHOCTEH y eneMeHTI 00’e€KTa eKcIulyaralii, TOOTO oOmHucye CyKymHI [ii
dbakTopiB @4, @,,... YMOB yTpumanHs. KpiM TOro BHKOHY€TbCS omneparis 3a

BU3HAYCHUM QJITOPUTMOM, SIKUH MOKe OyTH MOPYIICHU HEKOMIIETEHTHUM IT171X0/I0M
JTOJCHKOTO  (hakTOpy UM Mg €0 HETaTMBHOTO BIUIMBY HABKOJHUIITHHOTO
CepeloBHINa, TOIIO, IO 1 MpU3BEeAe A0 CHOTBOPEHHsS OYiKyBaHOTO KiHIIEBOTO
pe3yNbTary.

q. +q, =1

CTpykTypHa MOJENb OIepaTopa TEXHIYHOTO OOCIyroByBaHHS MOXe OyTu
peACTaBlieHa y PO3rOpHyTOMY BUTIISAL (AuB.puc.3). [4]

[ 1
G |

e
P -

Pucynok 3 — CTpyKkTypHa MO/eJIb ONEPATOPA TEXHIYHOI0 00CIyrOBYBAHHA
Iowcepeno: [4]

:

L1 Mmozieb BIATIOBIAE ONIEPATOPY TEXHIYHOTO OOCITYTOBYBAaHHS BUTIIALY:
Lto = L¢jLeLlkLex

ne Lg, Lex — oneparopu yrpumanns; Ly — omeparop BifHOBICHHS, Ly — oneparop

KOHTpOJIO [4].
Tax camo Ha psAal 3 UM MOXJIMBO BUKOPUCTAHHS 1HIIMX ONEPATOPIB TAKUX SK
L, — omeparop moonpantoBanns uu Ly — omeparop momepHizamii Tomo. B takomy

BUTIAJKYy CHCTEMa MaclTaOyeThbcs Ta MaTHME JOJIATKOBI CIOCOOM MiATPUMKHU
HaJIIMHOCTI Ta €(eKTUBHOCTI.

Icnye GaraTo pi3HOBHUIIB cucTeM 3a0e3MeueHHs eKCIuTyartarlii 00’ €KTiB, SIKI IO
CTPYKTYpi1 MOOYJIOBH BIAPI3HAIOTHCS OJIMH BiJl OJTHOTO CKJIAJOBHMH, OIEpaTOpamu,
SIK1 3aCTOCOBYIOTBHCSI JIJ1s MOOYA0BU CUCTEMH BIIIOBIIHOI MTOTPEOH.

B sKkocTi OuwikyBaHOrO IIOKa3HMKa CHCTEMH 3a0€3MEeUeHHs eKCIUTyaTalii
CKJIQJIHUX TEXHIYHUX CHUCTEM MPHUIMEMO KOE(IIIEHT eKCIUTyaTaliiHOi rOTOBHOCTI
00’ €KTy eKCIUTyaTarlii, 1o MO>KHa BUPA3UTH sIK [1, 4]

_|_
KEl"I:t] _ u_

Ho

MaTeMaTUYHUM aHAJOTOM SIKOTO € WMOBIPHICTh 3HAXO/PKEHHA 00 €KTa
eKCIUTyaTallii B CTaHl MPUAATHOMY JJO BUKOPUCTAHHS 32 MPU3HAYCHHSIM.
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Taxum unHOM, NpUHIMT TOO0YI0OBHU OIEPAaTOPHOI MOJIEN] CUCTEMHU 3a0€3M1eUeHHS
eKCIUTyaTarlii OCHOBaHMA Ha OMHCI MPOIECy OOCIyroBYBaHHS TOCIiJOBHOCTI
TUIIOBUX ONEPATOPIB CKIAAHUX TEXHIYHUX CUCTEM.

BucHoBkmu.

Ha mincraBi aHamizy CBITOBOTO JIOCBiAy BHUKOPHUCTAaHHS pI3HUX MoOAeNei
KUTTEBOTO LMKIY Ta CY4aCHOTO MIAXOAY /10 OHOBJIEHHS TEXHIKM 3alpONOHOBAHO
BUKOPHUCTAHHS ONEPaTOPHUX MOJeNIel JKUTTEBOrO IUKITY. BU3HaueHO OCHOBHI eTanu
KUTTEBOTO IIUKIY BPAaXOBYIOUM OCOOJMBOCTI €KCIUTyaTallii TEXHIKK Ta yTPUMAaHHS il
y TEXHIYHO cmnpaBHOMY cTaHl. KoHueniiss moOyJoBH OMNEPATOPHUX MoOJEei
KUTTEBOTO HUKIY 00’ €KTIB, JO3BOJISIE B MOAAIBIIIOMY CHUCTEMAaTH3yBaTH TEXHIYHI,
TEXHOJIOT14HI, EKOHOMIYHI Ta €KOJIOT1YHI acleKTH (POPMYBAHHS >KMUTTEBOIO LIMKIY 3
METOK MiHIMI3aIlli BUTpaT, 10 MOB’s3aH1 3 BTUICHHSIM Ta €KCIUTyaTalll€l0 3pa3KiB
HOBOT TEXHIKH, @ TAKO>X BU3HAYUTHU MOETATHO BIUIUB (PAKTOPIB HA 00’ €KT YUM BUACHO
CKOPOTUTH BUHMKHEHHS PU3UKIB BIJIMOB TEXHIYHOTO CTaHY.
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TEeXHIKW. 30IpHUK HAYKOBHUX Mpailb BikickkoBoi akagemii (M. Onxecn). — Oneca : BA,
2022. — Bun.1(17). — c. 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 /;(€) 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 /4, 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, £ 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 (€p) and the change in curvature () 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
o%v
o*w

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:

dw

BCl:UzO,V:O,W:O,d—:O, (7)

X

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

BC3:M_=N_+ o =0Ox+ 2 9)

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(g) _3

d§2 _Eaihi(é:) (11)
d*v n

dﬁ(f) = Ebihi(f) (12)
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d Vg( 2. fclh,( ) (13)

where ai, bi, and c¢; 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

WS aner Y (14)
—dgif ) ﬁlbipl,i(ﬁh—d Zg)) (1)
aw(é) _ L2 dW(0)  .d’w(0) aw(0)
T ;aml) e e a9
where in the case i > 1 and £? <& <E®) we get
prs)= )| e~ £0)-2l-@)" | (17

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=P “ V=P b W =P ¢ (18)
Nal el 3 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 -o*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]; Gi» =
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 (#/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 Q for the vibrations of cylindrical shells of
laminated composites depending on the wave number n are shown in Table 1.

Table 1 - Frequency parameter Q 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
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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.
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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.

e 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][31[8].

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
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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.

Nature's Embrace: The Role of

Greenery and Water in Riads =~

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.

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

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
i 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:

Cultural Wonders of Morocco's Riads

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].

Exploring the Architectural and
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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
ornate design with practicality, serving as a private social space for
relaxation and gatherings. Symbolizing Islamic values of hospitality and
tranquility, these courtyards, with their intricate tiles and central fountains,
are pivotal in fostering a sense of communal belonging.

In modern adaptations, the riad courtyard has evolved into a
multicultural social hub. While retaining its traditional charm, these
spaces now often feature contemporary amenities and serve as meeting
points for both locals and international visitors. This fusion of

traditional and modern elements has transformed the courtyard into a
dynamic space that bridges cultures and celebrates a blend of heritage
and contemporary lifestyle.

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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Anomayia. OOuicio i3 6aXCIUBUX MPAHCNOPMHUX EKOJOIUHUX HNpoONieM € NUMAHHS
SHUNICEHHS WYMY HA MEPUmMopisiX HACeNeHUX NYHKMI8 ma 8 MiCYsx HOCMIUHO20 nepeOy8aHHs.
mooeti. Haomipui pisni wiymy 3a c60im HecamuHUM GNIUBOM CMOSIMb NOPYY i3 3A0PYOHEHHAM
ammocgepu ma 800u.

Jna eusHaueHHs aKyCMUYHUX XAPAKMEPUCMUK WYMO3AXUCHUX eKpaHie 0yau npoeedeHi
eKCNepUMeHmanbHi 00CIO0JNHCEeHHs HA Mazicmpani. Busnaueno eghexmuenicmo expauie 3a1exicHo 8io
yacmomu 38yKy, UCOMU, Kyma HAXUY eKPaud, 8i0CMaHi 00 0xcepena 36YKY.

Memoto excnepumenmy 0y10 O0CHIONCEHHA eheKmueHoCmi WYyMO3aXUCHUX eKpaHie npu
BUKOPUCMAHHI IX OJ11 3MEeHULeHHsl PIBHI6 ULyMY NOMOKIE8 MPAHCNOPM).

Knwuoei cnosa: wymosaxucnuii ekpaw, mpaHcnopmui 3acobu, cenumebOHa mepumopis,
uyacmoma 36yKy, Kym HaAxXuny eKpaud, 8i0Cmamb

Beryn.

OnHiel0 13 BaXJIMBUX TPAHCIOPTHUX €KOJOTIYHUX MPOOJEeM € TMUTaHHS
3HIDKEHHS IIYMy Ha TEPUTOPISIX HACEJICHHMX IYHKTIB Ta B MICISX MOCTIHHOTO
nepeOyBaHHs Joneld. HaamipHi piBHI HIyMy 3a CBOIM HETaTUBHUM BIUIMBOM CTOSIThH
opyd 13 3a0pyTHEHHAM aTMoc(hepu Ta BOJIH.

TpancnopTHi MaricTpaii € OJHUMH 3 HAUOUTBIIUX JDKEeped HaAMIPHOTO IIyMYy,
O0COOJIMBO HA CEIUTEIBLHUX TEPUTOPIAX, pOo3TamioBaHUX Y370k HuX. lllopiune
3pOCTaHHS IHTEHCUBHOCTI TPAHCMOPTHUX 3aCO01B MPUBOAUTH 10 30UIBIIICHHS PIBHIB
3BYKY. UHCJIEHH] BUMIPIOBAHHS P1BHIB IIIyMYy, CTBOPIOBAHUX TPAHCTIOPTHUM MTOTOKOM
csararoTh 3HaueHb 90-95 nbA, mo Ha 30-35 gbA Ouibliie 1OMyCTUMUX 3HAYEHB IS
CEJIUTENIbHOI TEePUTOPil BCTAHOBICEHUMHM HOPMATUBHUMHU JIOKyMeHTamu [l1, 2] B
neHHu vac no6u. Ile B CBOIO uepry NpU3BOAUTH 10 MpoOjieM 31 3I0pOB’SIM
MIPOKMBAKOYOT0 HAa TAKUX TEPUTOPISIX HACENEHHA. AHAII3 TOCHIIKEHb [3—0] moka3as,
10 TIOCTIHE 3HAXOJDKEHHS JIIOJIe B 30HaX 3 HAIMIPHUM IIIyMOM MPHU3BOAHUTH 0
IIBUJIKOT BTOMJIIOBAHOCTI, COHJIMBOCTI, 30UJIBIIEHHS BIPOTITHOCTI BUHUKHEHHS
CEepLIEBO-CYJMHHUX 3aXBOPIOBaHb, MOPYIIEHHS CUCTEMH OOMIHY PEUOBHH.

OmnuM 13 [UISIXIB  BUPIMICHHS 111€1 MpOOJIEeMATHKH € 3acTOCYBaHHS Ha
aBTOMATICTPAJISAX IIYMO3aXUCHUX €KPaHiB, SK1 BKE€ HAOYJU IIMPOKE 3aCTOCYBaHHS B
Kpainax €Bponu, AMepuku, A3ii Ta BCE YacTillie MOYMHAIOTH 3aCTOCOBYBATHCS B
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VYkpaini. 3a KOHCTPYKIIE€K 1X BUKOHYIOTh Y BUIJISI MOPIBHSAHO CYHUIBHUX TOHKHUX
CTIHOK, SIK1 BCTAHOBIIOIOTHCSI B3JIOBK aBTOILISIX1B, Ta SIK1 3MEHIIYIOTh PiBHI IIyMy Ha
KUTIIOBIH TEPUTOPIi.

JlochipkeHHST KOHCTPYKTHBHHMX —TIapaMeTpiB €KpaHy, MWOro BIUIMBY Ha
NOIIMPEHHST JKepeda 3BYKY Ta 30HM, $IKI 3aXUIAIOTBCSA BiJ BIUIMBY IIyMY
posnoyanocs 3 50-x pokiB 20-ro cromitts. Jlo HemaBHBOro yacy B YKpaiHi, He
3Ba)KalOYM Ha JIIOYMI HOpPMATHBHUW MOKyMeHT [1, 2], mo mpsmo Bka3yBaB Ha
HEOOXIJTHICTh 3aCTOCYBAHHS IIYMO3AaXHMCHUX €KpaHiB, X CIOPYKEHHS B1A0YyBajoCh
y Jy>)kKe MaJliii Ta HeOCTaTHIN KIIbKOCTl. ToMy sikicHE OIliHIOBaHHS €()eKTHUBHOCTI
€KpaHiB IIYMO3aXHUCTy B 3aJI€KHOCTI BiJ] KOHCTPYKTUBHUX HOT0 MapameTpiB, a TAKOXK
30UIbIIEHHST MOr0 e()EeKTUBHOCTI B IIIJIOMY, Ha 1LIEW JEHb € BKpail aKTyaJbHOK Ta
BaKJIMBOIO.

OCHOBHHUI1 TEKCT.

Ha aBromarictpansx B YkpaiHi A BIAIITYBaHHS IIYMO3aXHUCHUX EKpaHiB
KOPCTKOTO Ta TMOTJMHAIOYOTO THUIIB BUKOPUCTOBYIOTH IIYMO3aXHMCHI IaHENI, SK
BITUM3HSHOTO TaK 1 3aKOP/IOHHOTO BUPOOHUIITBA.

Jlis BU3HAUYEHHSA aKyCTUYHHMX XapaKTePUCTHK IIYMO3aXHCHHUX EKpaHiB Oynu
MIPOBE/ICHI EKCIIEPUMEHTAIBHI TOCIKEHHS Ha UIAHIN aBToMmarictpaini M-07 Kuis —
Kosenb — fArogun. PeanmbHl yMOBH Jdaiu MOKJIMBICTH MNEPEBIPUTH AOLIIBHICTD
BCTAHOBJICHHSI 3aXMCHHMX €KpaHIB HEMoJaliK Bij 3a0yl0B HaceleHUX MYyHKTIB. [lys
EKCIIEPUMEHTAJIbHUX JIOCTI/DKEHb Oy BHUKOPHCTaHI THUMYAacOBO BCTAHOBJICHI
IITyMO3axHUCHI €KpaHH, BUroToBiieHi 13 naneneid gpipm TOB «AT Mexanika» ta TOB
«ITACC+KO HOAy, sxi 300pakeHi Ha pUCYHKY 1.

Metorw ekcnepuMeHTy OyJjio JOCHIKEHHS €(QEeKTUBHOCTI IIIYMO3aXHUCHUX
€KpaHiB IIPU BUKOPUCTAHHI X ISl 3MEHIIICHHS PIBHIB IIIyMY MOTOKIB TPAHCIIOPTY.

Busnaunmo epekTUBHICTh €KpaHiB 3aJIeKHO BIJl YaCTOTH 3BYKY, BUCOTH, KyTa
HaxXWIy eKpaHa, BIJICTaH1 JI0 KEPeIia 3BYKY.

VY tabmuui 1 1 Ha pucyHKY 2 BioOpaxxe€HO €(pEeKTUBHOCTI €KpaHiB Ha YacTOTI
125 I'm Ta Bimctani 2 M Bi OCHOBU. AKYyCTHYHE ToJie mpu KyTtax 1m0 90° mepen
€KpaHOM 3aJIMIIAEThCS MPAKTUYHO HE3MIHHUM, TIpH 1bOMY e(EeKTUBHICTh
KonuBaeTbes 0m3bko 0 1b.

VY tabnuii 2 1 Ha pUCyHKY 3 BigoOpaxkeHO e()EeKTUBHOCTI €KpaHIB Ha 4YacCTOTI
125 I'p ta BizacTadi 25 M B1JT OCHOBH.

[Ipu He3naunux kytax TiHI Big 90° mo 150° eQekTUBHICTH aKyCTHYHO
3BYKOMNOTIMHAIBHOTO Ta >KOPCTKOTO €KpaHIB Ha BeNUKHUX BiAcTaHsx (R=25 wm)
MPaKTUYHO CHIBNAJal0Th. Pi3HMIIS B €EKTUBHOCTI MpHU 30UIBIIEHHI KyTa TiHI JBOX
€KpaHiB MOCTYINoBO 30uiblIyeTbess 10 4 nb. Ilpu npomy 301LIbIIEHHS 32 PaXyHOK
3BYKOIOTJIMHAHHS €(EKTUBHICTh OUIBII MOMITHA Il BUCOKUX eKpaHiB (5 Ta 7 M) 4
nb, Hix st HU3BKHX — 2,5 1b.

AHamizyrouu po3paxyHKd 0a4yuMo, 10 HAsIBHICTh 3BYKOTOTJIMHAIBHOTO €KpaHa
BILUIMBAE HAa T0JIe Iepe]l HUM He Oublie, Hixk 2 1b 11 Oyabp-SKoi BiJCTaHl BiJ 5 M J10
20 M Bix JKepenia 3ByKy 10 €KpaHa.
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Pucynok 1 — 3arajnbHuii BUJ IIyMOTIOTJIMHAOY0]1 (2) TA "KOPCTKOI (0) maHe el

[7, 8]

[ToniGHO 110 KOPCTKOrO eKpaHa, MPU 3MEHIICHHI BiICTaH1 BIJ JXKepelia 3BYKy J0
eKpaHa, Horo e(eKTHBHICTh MiJBUIIY€ThCSA. Tak, MpU 3MEHIICHHI BIJICTAHI MIX
€KpaHOM Ta JpKepesioM 3BYKY Bif 10 M 10 5 M €peKTUBHICTh 3BYKOTIOTITMHAIBHOTO
eKkpaHa 30UTbIIyeThCs Ha 5 1b st OM3BKHUX 10 €KpaHy TOUOK, 1 10 4 nb ayis Touok
Ha BiJicTaHi 25 M Bija ekpana. OTHOYACHO JUIsl )KOPCTKOTO €KpaHa 301IBIIICHHS HOTO
e(eKTUBHOCTI PU 3MEHIIICHH1 BijicTaHi AopiBHIOE 3 b Ta 2,5 nb BiamoBiaHO.

VY tabmuii 3 1 Ha pucyHKy 4 BiioOpakeHO e(PEeKTUBHOCTI €KpaHiB B 3aJI€KHOCTI
B1J1 BIJICTaHI1 JI0 JpKepesia 3ByKy Ha BijcTaHsax (R) Big ocHOBH 2 M.
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Tadoauus 1 — Pe3yabTaTn e(peKTUBHOCTI eKPaHiB B 32JI€2KHOCTI BiJl BUCOTH
Ha BigcTansax (R) Bix ocHoBHu 2 M

Bigcrans/Tun ekpany
Kyt b=5m b=10 m b=20 m b=5m b=10m b=20 m
JKOPCTKHH | 2)KOPCTKUM | KOPCTKUN |OTJIMHAIOYNI| IOTJIMHAKYUH [TOTJIMHAIOYHIM
0 9 8 5 1 1,2 0,9
30 -5,5 -7 -6 2 1,8 2
60 16 30 21 -3 -2,8 -1
90 -6 -7,5 -8 -1 -1,6 1,8
120 21 18 16 25 23,5 21
150 20 17 16,5 26 23 20
180 16 13 12 19 17 16
210 12 8 7 16 13 12
240 9,5 7 5 13 11,5 11
270 11 8 7 16 15 13
300 13 11 9 17,5 17 13,9
330 14,5 12,5 11 18,5 18 16
360 16 13 12 20 18,5 17,5
R=2 m
35
o
25
20 b=5 M HOPCTHHHA
i b=10 M #OpPCTHMHA
b=20 M HOPCTHUA
E 10 ) .
5 = == = b=0 5 OrAHHE YK
E 5 = = = =10 M NOTAHHE Y HRA

KyT

- b=20 M NOrNHHE DY HH

Pucynok 2 — E¢pekTuBHICTb eKpPaHiB B 32J1€5KHOCTI BiJl BUCOTH HA
Biacransx (R) Bix ocHOBH 2 M
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Pucynok 3 — EpekTHUBHICTH eKpaHiB B 32JI€2KHOCTI Bi/l BUCOTH HA
Biacransax (R) Big ocHOBM 25 M

Tabauusa 2 — Pe3yiabraTn e(peKTUBHOCTI €KPaHiB B 32J1€KHOCTI BiJl BUCOTH
Ha BijgcTanax (R) Big ocHoBH 25 M

Bincranws/Tun ekpany
Kyr b=5|  b=l) - b=2 b=5 b=10 m b=20 m
M Om O™ N N .
JKOCTKHHpKOpCTKHHpKOpCTKii MOTJIMHAIOYHH|TOTIHHAIO YN A{TIOTTIHHAIO YK
0 21 7,5 23 1 7,5 2
15 -2.5 -2.5 -7 0 -1 -2
30 4 12 21 0,5 2 3
45 -2.5 -1 -6 -0,5 -0,5 -1
60 1 -1 7 4,5 1,6 1,5
75 4 5 3 0 -2 -2,3
90 -2 -1 -3 -3 3 3
105 2,5 3 3,5 4,5 -2.3 -1
120 -3 2,5 4,5 -1,5 3 4
135 2,8 5 7,5 2,8 8 8
150 7 13 17 7 14,5 18
165 8,5 13,5 17,5 8,6 16 20
180 7,5 12,5 13,5 8 14,9 16
195 5 7,5 11 7 12 13
210 2 6,5 7,5 6 9 11
225 0 3 4 5 7 9
240 -2 0,5 3 3 42 7
255 0 2 4,5 4,5 5 7,5
270 2,5 4,5 6 5 7 8,9
285 4 7,5 9 7,5 9,6 11
300 6 9 12 8,7 13,86 14,5
315 7 11 13,5 9,8 14,5 18
330 8 13 16 12 16,5 21
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Taoauus 3 — Pe3yabTaTn e(DeKTUBHOCTI eKPaHiB B 32JI€KHOCTI BiJI BiJicTaHIi
10 uKepeJia 3BYKY Ha BiacTansax (R) Bix ocHOBH 2 M

-10

Kyt

Bigcrans/Tun exkpany
Kyr b=5m | b=10M | b=20 ™ b=5Mm b=10 m b=20 m
JKOPCTKUMPKOPCTKUUPKOPCTKUH|OTTIMHAIO YU H|TOTJIMHAOY M A TOTJIMHAIOY A
0 7,5 14 23 1 1,2 0,9
30 -5,5 -7 -6 2 1,8 1,7
60 16 30 21 -3 -2,8 -2,5
90 -6 -7,5 -8 -1 -1,6 1,8
120 21 18 16 25 23,5 21
150 20 17 16,5 26 23 20
180 16 13 12 19 17 16,5
210 12 8 7 13,5 13 12
240 9,5 7 5 13 11,5 11
270 11 8 7 16 15 13
300 13 11 9 17,5 17 13,9
330 14,5 12,5 11 18,5 18 16
360 16 13 12 20 18,5 17,5
R=2m
35
30
25
2 20 e b=5 M KOpPCTKMIA
%’ 15 e =10 M KOPCTKMIA
] b=20 m ®opcTKUIA
% 10 = = b=5m noranHarumii
.E. 8 = = h=10Mm noramHaroumii

b=20 m nornuHawuMin

Pucynok 4 — EpexTuBHiCTh €KpaHIB B 32J1€2KHOCTI Bi/l BiICTaHI 10 qxkepea
3BYKY Ha Bigcransax (R) Bix ocHoBu 2 M

VY tabnuii 4 1 Ha pUCYHKY S5 BiJIoOpakeHO €(DEKTUBHOCTI €KPaHIB B 3aJIKHOCTI

B1JI BIJICTaHI1 JI0 JDKepesia 3ByKy Ha BijcTaHsax (R) Big ocHoBH 25 M.
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PucyHok 5 — E¢exTuBHiCTh eKpaHIB B 32J1€2KHOCTI Bi/l BiICTaHi 10 qxkepea
3BYKY Ha Bigcrauax (R) Bix ocHoBH 25 M
Tabauusa 4 — PesyiabTraT ePeKTUBHOCTI eKPaHiB B 32JI€KHOCTI BiJ BiJcTaHIi
10 Jxepesia 3BYKy Ha Biacransx (R) Big ocHoBu 25 m

Biacrans/Tun ekpany
Kyt b=5m | b=10M | b=20m b=5m b=10 M b=20 m
YKOPCTKHH|PKOPCTKHIAKOPCTKHNA|TOTIMHAIO YU H|TOTITHHAIOYHHA|TIOTTHHAO YU I
0 2,5 5 -3 0 1 1
15 30 -6 4 -1 -1 -0,5
30 -6 8 -2 1 2 0,5
45 7,5 -3 3 -1 0 0,55
60 -3 6 -1 1 2 0
75 5 -2 2 -2 1 1
90 -2 1 0 1,5 -2 2
105 0 -1 -2 -1 -1 -1
120 2,5 0 3 5 0 2
135 15 13 -1 18 1 0
150 14,5 12 11 18 15 12,5
165 13,5 11 9 17 13 12
180 13 9 8 16 12,5 11
195 9,8 7 6 16 11 9
210 7,5 5 4 13 8 6
225 5 2 1 11 6 3
240 2 -1 -3 8 3 0
255 3,5 0 -2 7 4,5 1
270 5 2 0 9 5,5 3
285 6,5 3 1,5 11 7 5
300 7,5 4,5 3 13 9 7
315 9 6 4,5 16 11 8
330 9,5 7 6 20 12 9
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VY Tabaui 5 1 HA PUCYHKY 6 HaBEJIEHO BIUIUB YaCTOTH 3BYKY Ha €(EKTHUBHICTh
’KOPCTKOTO Ta IIyMOIIOTJIMHAIBHOTO eKkpaHa Ha BijactaHsx (R) Big ocHoBu 2 M, a 'y
Tabnwuii 6 1 Ha pucyHKy 7 Ha BifcTaHsxX (R) Big ocHOBU 25 M 710 00’ €KTIB IIIyMy.

Sk BUAHO, 111 000X BU/IIB €KPAHIB 3 IMiABUIICHHIM YaCTOTH HOT0 €(heKTHUBHICTh
30utkITyeThes. Ha wmammx  Bigctansx (R=2 ™M) Big ekpaHa e(eKTHUBHICTH
3BYKOIIOTJIMHAJIBHOTO eKpaHa Oju3bko Ha 3 1b BHINIa Bi aKyCTHYHO KOPCTKOTO Ha
BCIX YaCTOTax.

[Ipu 301mbIIeHH1 BifcTani (R=25 M) Big ekpaHa COCTEPIra€ThCsl BILUIMB YaCTOTH
Ha 3pOCTaHHs €()EKTUBHOCTI 32 PAXyHOK MOTJIMHAHHS 3BYKY.

BignoBimHo Ha Hu3bKkMX 4YactoTax (40 I'm) migBuieHHS e(QEeKTUBHOCTI 3a
paxyHOK TIOTJIMHAHHS 3BYKY MPOSBISEThCS BXXKE MpH KyTi 120°, Ha BUCOKHX 4acTOTaxX
(400 T'm), BOJIMB TMOIVIMHAHHS 3BYKY BiAOYyBaeTbCs JIMIIE TpPU JOCATHEHHI
MaKCUMaJlbHUX 3HaueHb eQekTuBHOCTI mpu KyTi 170°. I[lpm npoMy HalBUIIMIA
MOKa3HUK MPHUPOCTY €(PEKTUBHOCTI €KpaHa 3a pPaxXyHOK IMOTJIMHAHHS 3BYKY He
3QJICKHUTH Bl 9aCTOTH 1 CTAaHOBUTH Ha aBTOoA0p031 M-07 KuiB — Kosens — SAroaun
3 nb He3anexxHo BiJl BIJICTaHI 10 €KpaHa.

Tadanus 5 — Pe3yabraTn e(peKTUBHOCTI €eKPaHIB B 32JI€2KHOCTI BiJl 4aCTOTH
Ha Biacransax (R) Big ocHoBH 2 M

Biacrans/Tun expany
Kyt =40 T'y | =125 T | =400 T'y| f=40Tx =125T1 =400 I'g
JKOPCTKUHMPKOPCTKUHPKOPCTKUH|OTTIMHAIO YU A|TOTJIMHAOYMATOTJIMHAIOY A
0 17 9 -1 2 0 0
15 28 9,5 7 2,5 1 0
30 15 -0,5 -6 3 2 1
45 5 -6 11 2,6 0 -1
60 -3 -5 -7 23 -2 1,5
75 -5 34,5 41 1,7 -1 -1
90 -7 -6,5 -8 0 1 0
105 12 16 32,5 17,5 23,5 36
120 11 19,5 35 15 25 37
135 10 20 33 14 23,5 36
150 9 19,5 36 13 23 40
165 8 19 32,5 12 21 37
180 7 17,5 30 11 18,6 33,5
195 6 13,9 26 10 16,5 27
210 6 8 23,5 9,5 12,5 26
225 5,5 7,5 17 9,9 11,5 23,5
240 6 8,7 16 10 12 19
255 6,5 9,5 17,5 11 12,5 21
270 7 10 19,5 11,5 13 23
285 7,5 11 23,5 12 14 26
300 8 12 25,9 12,3 15 29
315 8,5 13 28 12,5 16 31
330 9 13,5 29 12,7 17 33
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Taoauus 6 — PesyabraT ePeKTHBHOCTI €KPaHiB B 32JI€KHOCTI Bi/I 4aCTOTH
Ha BigcTanax (R) Big ocHoBu 25 M

Bigcrane/Tun exkpany
Kyr =4 =1 =4 =125 =400
0l 25T 00 I'n =40 I'u I'n I'n
YKOPCTKUMPKOPCTKUNKOPCTKUN|IIONIMHAOYUH|ITIOTIMHAO YU H|ITONIMHAK YU I
0 -2,5 7 2,5 0 0 0

15 1 13,5 14,5 1 1,5 1
30 7,5 -3 -6 0 -1 0
45 0 9 17 1 -1,5 -1
60 1 -4 -9 -1 1 0
75 2 3,5 5 -2 2 1
90 -2 -2 -3 -3 -1 -1
105 0 1 3 0 0 2
120 3 2 -5 7 1 -5
135 5 7,5 14,5 8 8 15
150 7 13,5 -11 9 14,5 -11
165 7,5 13,5 32 9,5 15 35
180 5 12 27 7,5 13 33
195 3,5 7,5 25 5 12 27
210 2 6 20 3,5 8 25
225 1 3 16 3 5 23
240 1,5 0 13 4,5 3,5 20
255 2 3 8 2,5 4,5 16
270 2,5 4,5 14,5 3 7 18
285 3,5 7,5 20 5 11 23
300 5 11 24,5 7 14,5 26
315 6 12 27 9 16 29
330 7 13,5 29,5 11 18 33

VY tabnuii 7 1 Ha pucyHKY 8 BimoOpaxeHo €(heKTUBHOCTI €KpaHIB B 3aJICKHOCTI
BiJl KyTa Haxwiy Ha Biactansx (R) Bim ocHOBH 2 M, Ha y Tabnwii § Ta pucyHKy 9 Ha
BiJICTaHi 25 M.

BmuB BenmuuumHU KyTa HaxXWiay €KpaHa Ha WOro e(eKTUBHICTh ISl Mallux
(MeHIIMX 3a HOro BHCOTY) BiJCTaHEHl BiJ ekpaHa mnoAiOHa 10 e(pEeKTUBHOCTI
’KOPCTKOI0 aKyCTHYHOI'O €KpaHa.

Jns xyTiB Big 90° mo 165° mpu BimnmaneHi Bil €KpaHa, HaXWUJIEHOTO B OIK
JoKepena 3BYKy, HOro e@eKTHUBHICTh € OUIbIIOK 3a e(QeKTHUBHICTh eKpaHa
BEPTUKAJIBLHOTO, a e(PEeKTUBHICTh s KyTiB Big 190° mo 210° HaxuiieHoro B Oik
TEPUTOPIi IYMO3aXHCHOIO € OUIBILIO0, HIXK JJISI BEpTUKAIBHOTO €KpaHa.

ToOTo, BIUIMB MOIJIMHAHHS 3BYKY Ha €(QEKTHBHICTh €KpaHa 31 301IbLIECHHAM
KyTa CIIOCTEPEKEHHS 3pOCTae Il KyTiB Onu3bkux a0 360° Ta 30uibmIyeThes 10 4 1b
y HOPIBHSHHI 13 aKyCTUYHO JKOPCTKUM E€KPAaHOM.
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Tadoauus 7 — Pe3yabTaTn e(peKTUBHOCTI eKPAaHIB B 32JI€KHOCTI Bl KyTa
HaxuJy Ha Bigcransax (R) Big ocHoBH 2 M

Bigcranb/Tun exkpany
Kyt a=75° 0=90° =105 0=75° 0=90° 0=105°
YKOPCTKHUH | JKOPCTKUH | ° KOPCTKUH TOTITMHAIOYHH|ITIOTTMHAIOYMH|TOTIMHAKO Y

0 13 7 6,5 1,5 0 2
30 5 5 5,1 2 1 1

60 -6 -3,5 0 1 2 1

90 16 17 -7 18 21 2
120 13,5 14,5 16 16 17 20
150 9.8 11,5 12,5 14,5 16 17
180 8,6 9 9 12 14 13,5
210 8 8 7 11 13 12,5
240 9 8,7 6,5 9,5 12 11
270 9.9 9,3 7 11 13 12
300 11 10 8 13 14 12,5
330 12 11,5 9 14 15 13
360 13 12,5 9.8 15 16 13,5
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Kyt

Pucynok 8 — E¢ekTuBHICTh eKpaHiB B 3aJ1€/KHOCTI BiJl KyTa HAXWJIYy Ha
BiacTransx (R) Bix ocHOBH 2 M
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Taoauus 8 — Pe3yibTaTn e(peKTUBHOCTI eKPaHiB B 32JI€KHOCTI BiJl KyTa
Haxuay Ha Biacransx (R) Bix ocHOBM 25 M

Bigcrans/Tun exkpany
Kyt =75 | a=90° | 0=125" 0=75° a=90° o=125°
JKOPCTKUMPKOPCTKUUPKOPCTKUH|OTTIMHAIO YU H|TOTJIMHAOY M A TOTJIMHAIOY A
0 2 -5 -3 1 -2 -1
30 16 11 13,5 -1 0 2
60 3,5 -4 -5 3 -1 -1
90 5 1 3 -3 2 1
120 -2 0 1 8 -3 -3
150 11 9 7 13 12 4,5
180 7 8 7,1 9,9 11 9
210 3 3 3 7 7 11
240 4 2,5 1 5 6 7
270 6,5 5 3 6,5 7 5
300 8 7,5 5 9,5 8 6
330 11 9,5 7 11 9 8
360 11,5 11 8 11,5 11 9,5
R=25m
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15

10

a=75" MOPCTKUIA

a=90" OPCTKUIA
a=125" KOpCTRMIA
- e  0=75" MOrAUHaIOUYKIA
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-10

Kyt

Pucynok 9 — E¢exkTuBHICTh eKpaHiB B 3aJ1€/KHOCTI BiJl KyTa HAXWJIYy Ha
Biacransax (R) Big ocHOBM 25 M
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BucnoBku.

1. Hampsimok HaiiBuIIOi €peKTUBHOCTI €KpaHa JIEKUTh B MeXax KyTiB Big 150
10 210° Ta cyTT€BO 3alIe)KHUTh BiJ| KyTa HAXWIy €KpaHa, YaCTOTH 3BYKY, Ta BiJcCTaHi
MIXK €KPaHOM Ta JKEPEIOM 3BYKY 1 IPAKTUYHO HE 3aJIeKUTh BiJl BUCOTU €KpaHa;

2. Hanpsmok HaWHMXKYOi eQEeKTUBHOCTI ekpaHa (Mexax KyTiB210™-270")
CYTTEBO 3aJ€KUTh BiJl KyTa HaXWJly €KpaHa Ta 4YacTOTH 3BYKY 1 NPAKTUYHO HE
3aJIeKUTh BiJl BIICTaH1 MIXK DKEPEJIOM 3BYKY €KPaHOM Ta MOTr0 BUCOTH;

3. EdexTuBHICTh €KpaHa 3pocTae Mpu 30UIbIIEHHI HOTO YacTOTH 1 BUCOTH Ta
3MEHIIIEHH] BIJICTaHI MIX JDKEPEJIOM 3BYKY Ta €KpaHoM. /[ O1abpIIOCTi HampsIMKIB
e(eKTHBHICTh €KpaHa 3pOCTae TpU HAXWICHHI ekpaHa (B Mexax 15-207) B Oik
JoKepena 3ByKy. [IpoTe 3a ekpaHOM € Takl TOYKH, A€ €(PEKTUBHICTh BEPTUKATIHLHOTO
YM HaXWJICHOIO BIJ JKEpelia 3ByKy eKpaHa Moxke OyTu Outbiioro. ToOTO KyT HaXHITy
eKpaHa € TaKUM KOHCTPYKTHBHHM 3HAUEHHSM, 3MIHIOIOUM SKE JIOCSATAE€ThCs
3pocTaHHs e(heKTUBHOCTI eKpaHa 06€3 MiABUIIICHHS 1OT0 BUCOTH;

4. 3MiHa KyTa HaxujIy 3a €KPaHOM >KOPCTKOI MIBIUIOIIMHY BITYYTHO BIUIMBAE HA
KoH(piryparito mons eheKTUBHOCTI. Manl KyTH Haxwuily HalTh 1HTephepeHIlnHy
KapTHHY, 1110 00YMOBJIEHA BiJIONTUM BiJ] )KOPCTKOT TUIOIIMHU 32 €KPAaHOM 3BYKOM Ta
nudparMoBaHUM 3BYKOM Kpi3b BEPXHIO KPOMKY I[bOTO €KpaHa.

5. EQexTuBHICTH 3BYKONMOTIWHAIBLHOTO €KpaHa Ha 2-5 nab Ouiblna, HiXK
xopctkoro. [liABUIIEHHS 3a paxyHOK 3BYKOIOTJIMHAHHA €(QEKTUBHOCTI €KpaHa
MPOSIBIISIETHCS HAMOLIbIIE 0111 pO3TalIOBAaHUX SIKOMOTa OJIMKYE 10 €KpaHa TOYOK Ta
JUTSl BEJIMKUX KYTIB 3BYKOBOI TiHI.
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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 protection screens, experimental studies
were conducted on the highway. The effectiveness of the screens was determined depending on the
sound frequency, height, angle of inclination of the screen, and distance to the sound source.

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
1s 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;3-12H,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),, CaSO4-2H,0 and
CaCO; 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.

160
relative porosity , %

150
140
130
120
110
100
90

80

ec=10% ®c=20% e c=30%

70

60 water-cement ratio

0,5 0,55 0,6
Figure 1. The effect of the water-cement ratio on the porosity of concrete
(c — calcium carbonate content)

160
relative porosity , %
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® B/LI=0,5
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100 ® B/LI=0,6
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40 ' -
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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/L=0,5 @ B/LU=0,55 @ B/LU=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 is 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*", (Si04)*, 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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Anomayia. Po36umok Ho8UX cnocodie nepegezenb 8aHMANCI8 MOPCOKUM ULIAXOM Md NOA6d
cneyianizo8anux Cyo0eH 6eluKoi 6000MOHHANCHOCMI Npu3eeno 00 Mmo2o, Wo OLIbUy YACMUHY
npuuanrbHo2o @poumy nopmie Ykpainu mpeba pexoncmpyiosamu. He eci icuyrouu memoou
PDEKOHCMPYKYIl ma NOCUNEHHA MOJICIUBO peanizyéamu y CMUCHEHUX YMOBAX MIHIMAAbHO
nopywyroyu OisibHicms nopmy. B pobomi npoananizosani 0esxi cyuacHi mexHonoaii, sKi MONCIUBO
BUKOPUCTNOBYBAMU NPU  DEKOHCMPYKYII ma NOCULEHHI PI3HUX MUunié 2iOpOMexHiYHUx cnopyo
(MpuuanbHUx Ccnopyo, 020pOo0JACYBANIbHUX CHOPYO, 0Oepe203axucHux cminkax, epeonsx). Lle
BUKOPUCMAHHA Memoody IMNIaHmayii, 2pyHmMosux aukepis, 3aKPINIeHHs 2PYHM) OCHO8U ma
3acunku. I[lpusedeno ix nepeeazu ma HedoONiKU, NPUKIAOU BUKOPUCIAHHSA 8 CYYACHIU 2i0pOMEXHIKU.

Knrwowuosi cnoea: pexoHcmpykyis, noOCuieHHs, Memoo iIiMnianmayii, epyHmosi auKepa,
cmpymeHnesa YyemeHmayis SpyHmie.

Beryn.
[HTEeHCUBHUN PO3BUTOK HOBHUX CHOCOOIB INEpPEBE3€Hb PI3HUX THIIIB BaHTAXIB
MOPCHKMM IUIAXOM Ta IMOSiBa CHEI[iadi30BaHUX CYIAEH BEJIMKOI BOAOTOHHAXXKHOCTI
MPU3BEJIO JI0 TOro, IO OUIbIlIa YacTHHA MPUYAIBLHOTO (POHTY MOPTIB YKpaiHu
MOpAJIbHO 3acTapijia B TEXHIYHOMY BIAHOIIEHHI. bararo icHyrouux mnpuyaiiB 3apa3s
EKCIUTYaTylOThCsl 32 MEXKaMHU MPOEKTHOTO TepMiHy ciyxkOu. HeBiamoBigHICTh iX
TEXHIYHUX MapaMeTPiB CydYaCHUM Cy/laM Ta MeTo/aM OOpOOKH BaHTaXKiB MPU3BOAUTH
710 HEBUMPAB/IAHUX EKOHOMIYHUX BTPAT.
[IparnenHss 30UIBIIMTH 3POCTAHHS BAHTAXX000ITy TOPTIB 3a HASBHOCTI
ICHYIOYOTO MPUYAIBHOTO (DPOHTY OCTAHHIM YacOM IMPHU3BEJIO TAKOXK IO MOTIPIICHHS
TEXHIYHOTO CTaHy mpuyaiiB. [0 mpuyuH, MO0 BUKIUKAIU IIed MPOIeC, MOXKHA
BIJTHECTH:
® TOpPYNICHHS TMpaBWJI TEXHIYHOI  eKCIUTyaTalii MmpHYajJbHUX  CIOPYA
(TepeBUIIICHHS] MaKCUMAJIBHO JOMYyCTUMHX EKCITyaTalliiHUX HaBaHTa)KCHb,
HEpEenIaMeHTOBaHUI HaBaJl CyIeH MPH M1IXO/I1 0 MpUYaty);

® BiJCYTHICTb IOCTATHIX KOIIITIB Ha MIPOBEICHHS HEOOX1THUX
PEKOHCTPYKTUBHHX 3aXOJIIB;

® HApOCTaHHS MpPOIECiB (PI3MYHOTO Ta MOPAJIBHOTO 3HOCY, MOB'A3aHUX 13
TEPMIHOM EKCILTyarTallii Copya.
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[Ilo6 koHKypyBaTu 3 TIOpPTaMH IHIIUX JEp>KaB, HAPOIIYIOUM BaHTAXKOOOIT,
noTpiOHa TEPMIHOBA PEKOHCTPYKLIS (MOCHUJICHHS) Ta MOJEpPHI3allis MPUYAIBLHOTO
(bpoHTY Maiike BCiX yKpaiHCbKUX mopTiB [1].

KpiMm wnporo, B mporeci eKcnnyaTaun MOCTYIOBO 3HIKYETHCSI MIIHICTb
KOHCTPYKLUIi, 3'IBIAIOThCSA nedopmalii, 1, SKIO HE BXKUTH 3aMOO0LKHUX 3aXOJiB 3
4acoM CHOpYIu pyiHyroTbes. Lle Moxke BiiOyBaTHcCsa MOBUIBHO 1 HEMOMITHO 1 TaKUM
YIMHOM CTBOPIOBAaTH YSBJIEHHS TMOBHOrO Onaromonyuusi. B pe3ynpTaTi MOXYTb
CTaTHUCSl HECIIO/IIBaH1 BaXKKi aBapii, IKUX MOKHa 0yJI0 O JIETKO YHUKHYTH.

[Ipu mpoexTyBaHHI 1 3A1iICHEHH] POOIT 3 PEKOHCTPYKIIIT TAPOTEXHIUHUX CIIOPY
a00 TMOCWJICHHsI CJIIJI BiJiJlaBaTH TMepeBary TUM MeETOJlaM Ta BapiaHTaM, SKi B
MIHIMQJIBHOMY CTYIEHI MOPYLIYIOTh E€KCIUTyaTallifHy OisUIbHICTh MOPTY, abo ioro
YaCTUHH, 1 SIK1 3a0€311eUyI0Th BUKOHAHHS Oy1BEIbHO-MOHTAXXHUX POOIT B HAWOLIbIII
KOpOTKHi TepMmiH. K TakuM MeTomaM MOXIIMBO BiIHECTH TH, MPU KOTPHUX BiICYTHS
HEOOX1IHICTh B YAaCTKOBOMY pO30MpaHHI ICHYIOUOI KOHCTPYKIII Ta pO3yIIiIJIbHEHHS
IPYHTY 3BOPOTHBOI 3acuriku. [Ipu 1ipoMy Hemae HEOOXITHOCTI Y BHHECEHHI HOBOI
JIiHIT KOPJOHY Ha BEJIMKI BiJACTaHI.

BukJ/iaieHHs1 0OCHOBHOI'0 MaTepiaJy.

Y miii poOOTI pO3MNIAHYTI Ta TMPOAHATI30BaHI CMOCOOM PEKOHCTPYKIII
TIIPOTEXHIYHUX CIOPYA 3a JOMOMOIOI CyYaCHHUX TEXHOJIOTIYHUX 3aco0iB, SKI
MIHIMI3YIOTh BTpPYUYaHHS B ICHYIOUH CHOPY/IH.

HoBiTHiM MeTOonOoM Ha aaHuid dYac € metond immuianTamii [2]. Lle Meron
OyJIIBHUIITBA Ta PEKOHCTPYKIIIi, AKUW BKIIIOYAE T'1/IpaBJIiuHE BIABIIOBAHHS €JIEMEHTIB
KOHCTPYKIIIi, IO CKJIAJAl0ThCA 3 PaMH 1 OCHOBH, B 3€MIII0 3 BHUKOPUCTAHHSIM
CTaTUYHOI'O HABAHTAXXEHHS MJIi CTBOPEHHS CTIMKUX KOHCTPYKUIA (KOHCTPYKIIIMA
IMILJIaHTAIll1), IHTETPOBAHUX 13 3€MJIEIO.

Meron iMmiaHTanii €KOHOMUTH MiCli€ 1 J03BOJISIE 3aBYACHO 3BOJUTH
KOHCTPYKIIii 6€3 TUMYAacCOBHX POOIT, MPOCTO BTUCKYIOYM €JIEMEHTU KOHCTPYKIHN Y
3eMJII0. 3aBASKM TMPOCTOMY Ta pAallOHATLHOMY METOIy 3 BHKOPHUCTAHHSIM
KOMITAaKTHOT'O CHUCTEMHOT'0 OOJIaHAHHS, K€ 3BOJAUTH JI0 MIHIMYMY Jiana3oH BIUIUBY
pOOIT, Ta BUCOKOSIKICHUX KOHCTPYKTHBHHUX €JIEMEHTIB, 3MIHM Tomorpadii 3BOASTHCS
0 MIHIMyMY, a BIUIMB Ha JOBKUUIS TPH 3BEJICHHI KOHCTPYKIIM 3BOIUTHCS 10
MiHiMyMy. Kpim Toro, mepemimieHHsi ab0 BUJAJICHHS MOKHA JIETKO BHUKOHATH
IUIIXOM BHJIYYEHHSI CTPYKTYPHUX €JIEMEHTIB, 1, TaKUM YUHOM, II€ METO]
OyIIBHUIITBA, SIKUH BTUIIOE B €001 (PYHKIIOHATBHO-OPIEHTOBAHI CTPYKTYypHU
BIIMOBITHO JIO JKUTTEBOTO IUKIY, MPUIATHOIO JJii BTOPUHHOI MEepepoOKH,
HAIMPUKIIAJ, TOBTOPHE BUKOPUCTAHHS BIJJATICHUX MaTepiaiB JUIsl 1HIIOT LILJT1.

s meroxy iMraHTtanii BukopuctoByethesi Silent piler [3]. Lle rimpasmiuna
MallliHa JIJIs 3alIPECOBYBaHHS Ta BUWMaHHS Majib, BuHakeHa komnaHiero GIKEN y
1975 poui. Bona siBiisie co0010 mepiie B CBITI MMPAKTUYHE 3aCTOCYBAHHS «IIPUHITUITY
3alpeCOBYBAHHA» Ta MPALIOE MUIIXOM 3aTUCKAHHS KIJIBKOX Majb ab0 IMIMYyHTOBUX
najib, y’Ke BOYJIOBaHMX y 3€MIIIO, TOTIM BUKOPUCTOBYE CUITy OMOPY BUTATY K CHUITY
peakiii, mo0 MTOBXHYTH HACTYIHY Majl B 3€MJII0 32 JIOMIOMOIOI0 CTaTHYHOTO
HABAHTAKCHHS, BUKOPUCTOBYIOUH T1IPABIIYHUIN TUCK.

Jlerka Ta xoMmakTHa MalidHa Oe3 BiOpamii Ta IyMmy Ja€ 3MOry OyayBaTu 3a
pi3HEX oOOMekeHb. BoHa BUKOPHUCTOBYETHCS B PI3HOMaHITHHX OyJiBEITBHUX
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CepeZoBUIIAX: JIOPOTH, 3aJII3HUII, aepONOPTH, CHEPreTUUHI 00’ €KTH, BOJAOMPOBIIHI
Ta KaHaJ3aIiiiHi CUCTeMH, PIYKH, TaBaHi, y30epexiKs, Mope, 00poTh0a 3 epo3ieo Ta
3arajgbHe OY/IIBHUIITBO.

Pucynoxk 1 — Silent piler

e omnoto cucremoro € GRB System — me OyziBenbHAa TEXHOJIOTIA, sKa
BUKOHY€ BCl poOOTHM 3 YKIaJaHHS TNajdb, TakKl SK TPaHCIOPTYBaHHsS Iajb,
3aKaryBaHHS IMaJIb 1 3aIIPECOBYBAHHS MOBEPX TOTOBUX MaJb [2].

Piling Direction of Press-in Work

Pile being pressed-in

SILENT PILER™
r/ /" (Presses in the Pile)

Power Unit

CLAMP CRANE™
/" (Power Source)

/(Pitches the Pile)

. PILE RUNNER™
(Transports the Pile)

| . UNIT RUNNER™
" PILER STAGE™ (Transports the Power Source)
(Work Platform)

Pucynok 2 — GRB System

Bona cknanaerses 3:

1. Clamp crane - ne obnagHaHHS, SIKE€ BUKOPHUCTOBYETHCS MOBEPX T'OTOBHX
nab JUIsl 3BE€JACHHS HACTYITHUX allb.

2. Unit runner — 11e 06JaAHAHHS, SIKE BUKOPUCTOBYETHCS TIOBEPX 3aBEPILICHUX
nanb JUisi TPaHCIOPTYBaHHS CHJIOBOTO arperary, SKHi € JKepeliom
YKUBJICHHS JJIsI MAIIIMHU JTSI TIPECYBaHHS.

3. Pile runner — 1ie o6yaHaHHS, sIKE BUKOPUCTOBYETHCS MOBEPX 3aBEPIICHUX
najgp JJI TPAHCIOPTYBaHHsS TNaJlbOBUX MaTepialliB, TaKUX SIK CTaJICBl
IIMYHTOBI MaJjil Ta CTaJIeBl TpyOUacTI masi.
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[TpukiiagoM BUKOpPHCTAaHHS MOKJIMBO NMPHUBECTHU IIaBy4ye MicTo Benemis, Itamis
(puc. 3). Leit kpacuBuil mnaByuuil OCTpiB OyB NOOyHOBaHUN 3 HECKIHYEHHOI
KUIBKOCTI HaJib MOJPHUHH B 3a00JI0OUEHUX MICISIX AAPIaTUYHOTO MOps, 1 3apa3 BiH
3HAaXOJIUTHCS Ha MEXI 3aTOIUICHHS Yepe3 MiJBUIICHHS PIBHA MOPS, CIPUYUHEHOTO
3MiHAMU aTMOC(EPHOT0 TUCKY Ta TJIOOAIBHUM MOTEIUTIHHAM. TakuM 4YWHOM, KiJTbKa
onuuunp cuctemu GRB Oynu posmimieHi Ui CTBOPEHHA JaMOM IMILIAHTaTy
IPOTATOM KOPOTKOTrO Tepioay dacy. BiH 3axuinae cnaaluHy Bij 3aTOIJICHHS, He
BILUIMBAIOYM HA 1ICTOPUYHI OYiBJI1 Ta MOBCSK/ICHHE KUTTS TOPOJISH.

Pucynok 3 — lamba y Beneuii

Jlauuii METO/I MOXJIMBO BUKOPUCTOBYBAaTH 0€3 MPOBEACHHS TUMUYAaCOBUX POOIT
Ta CHOpYyAd Ha 3aMKHYTUX 4YHM OOMEXKEHHMX MalJaH4uuKaX. 3acTOCOBYETHCSA [0
IIMPOKOTO CIEKTPY BIACTHBOCTEH CTIH 1 MOXE OXOIUIIOBAaTH BCl PiBHI BHCOTH, IO
YTPUMY€ETbCS, HEOOXiAHI B CydyacHiN OyZiBedbHIM ramys3i. Meroa BAaBIIOBAHHS
JI03BOJISIE BUKOHYBATH BCTAHOBJICHHS MMaJlb Y CKJIAJHUX IPYHTOBUX YMOBAX, TAKHX SIK
KaMiHb 200 3MIIIAHUI IPYHT, MiI36MH1 TEPEIIKOIU 00 CKEl.

[HIIIIM METOTIOM PEKOHCTPYKITIi € METO BUKOPUCTAHHS TPYHTOBUX aHKEPIB.

IpyHToBi aHkepy — e(QEKTUBHHMN IHCTPYMEHT [JIs  PEKOHCTPYKIi
TIPOTEXHIYHUX CHOPYJ, SKUWA J03BOJISIE YKPIMUTH KOHCTPYKII Ta 3amolirta ix
3MILIEHHIO Ta pPyWHYBaHHIO. [pPYHTOBI aHKEPH aKTHBHO BHUKOPHCTOBYIOTHCS B
PEKOHCTPYKIT TIPOTEXHIYHUX CIIOPYH, TAKUX K JaMOU, OeperoyKpiruieHHs, IUTI03H
Ta CXWIHM. AHKEpPH J03BOJSIOTH 3a0€3MEUUTH HaJiiHE 34YeIICHHS KOHCTPYKIIi 3
IPYHTOM 1 €(QEeKTUBHO MPOTUCTOSTH CUJIaM, $IKI BHUKJIMKAIOTh 3MILICHHS a0o
pYWHYBaHHS CHIOPY/H MiJ BILIMBOM BOJY UM 1HIINUX (akTopiB [4].

[IpuknanoM BHKOPUCTaHHS LBOTO METOAY € PEKOHCTPYKIis mnpuuaimy Ne7
Opnecwkoro nopty (puc. 4) [5-6].

[pyHTOBI aHKEpHI KOHCTPYKIII ABISIOTH COOOK KOHCTPYKIIIO, IPU3HAYEHY IS
nepenavyi HaBaHTAXXEHb BiJl KOHCTPYKIIi, IKY (PIKCYIOTh, 6€3M0CEPEAHBO 10 HECYUUX

1apiB IPYHTY.
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Pucynok 4 — Ilpnyana Ne7 OnecbKoro nopry

[TomibHOrO BUAY KpIMJIGHHS MOXKHa 3aCTOCOBYBaTH Tmpu pobOTI 3
O0OTOPOKEHUMH KOTJIOBaHAMHU. 3aCTOCYBaHHS IPYHTOBOTO aHKEpa MPU MOHTaXI
KOTJIOBaHY TapaHTye€ JIETKICTh 3BEJEHOT KOHCTPYKIIii, T03BOJUTH BECTU OY/IBENIbHI
poOOTH TOpY4Y 3 TOTOBOIO CIOPYAOK, MPU I[HOMY BIACYTHS OyJIb-sKa 3arposa
nedopmarriii. ['pyHTOBI aHKepHI KpIIUICHHS 3BUIBHAIOTH BHYTPIIMIHIA TIPOCTIP
KOTJIOBaHIB, IO CIPUSIE JIETKOMY 1 IIBUAKOTO MPOBEICHHSI Oy/1IBHUIITBA.

h=—"F
s
—
LES1

% g

Pucynok 5 — Ilpukiaan BUKOPHUCTAHHS IPYHTOBUX aHKePiB
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[IIupoky mnomynspHICTH Tpuadalia MONepeIHbO-HABAaHTAXXEeHA  (iKcallis
rpyHTOoBOro ankepa. Came BOHA JOmoOMarae 3amo0iratv YUIJIbHEHHS TIPYHTOBHUX
MOBEPXOHb Y3JIOBXK KOTiIOBaHy. ®Dikcalis aHKepaMH 4YacTO 3yCTpPIYaeTbCa MpH
OyZIBHUITBI Ha PI3HOMAHITHUX TUIAX IPYHTY. BUHATOK — mpocigarodi IpyHTH.

AHkepHa (ikcalis BKJIOYae B ce0e Takl CKJIaJ0Bl: HaWBaXJIMBIIIA YaCTHHA
IPYHTOBOI aHKEPHOI CUCTEMHU, II OTOJIOBOK, 110 JO3BOJISIE IIEPEHOCUTH HABAHTAXKCHHS
Bi Jnerani, sika (IKCYyeTbcd Ha HECydoi 4YacTHHHM, Ha camy Tary (Qikcaropa;
0e3nocepelHbO TATa, 10 MEPEHOCUTH BCIO TSKKICTh BiJI CaMOi BaXKJIMBOI JeTall,
Or0JIOBKA, HA KOPIHb KPIMJICHHS; caM KOPiHb — CKJIaJ0Ba, 1110 IEPEHOCUTH TAKKICTb
710 TPYHTY BIJ] TSTH KPIMHJIBHUX CUCTEM.

['pyHTOBI aHKepu HayacTiie MOHTYIOTh 3a JIONOMOrow OypiHHS 0e3
npomMuBaHHs abo >k 3 Hero. [licns OypiHHS NPOBOJATH YCTAHOBKY O€3MOCepeHbO
AHKEPHUX CTPUKHIB.

[lepeBarn BHKOpHUCTAaHHS TPYHTOBUX aHKEPIB — HAJ3BHYAHO BHCOKA Hecyda
3/1aTHICTh, HE TOTPIOHE CTBOPEHHS KOTJIOBAaHIB, BUCOKA CTYIIEHh BUTOTOBJICHHS.

Tperim MeTOOM pPEKOHCTPYKIli TIAPOTEXHIYHUX CHOPYA € CTPYMEHEBa
IIeMEHTAIlis TPYHTIB [7].

TexHomOrIsT CTpyMEHEBOT IIEMEHTAIlll TPYHTIB 3’ sIBUJIACsS MPAKTHYHO OJHOYACHO
B TphOX Kpainax — Anonii, Itanii, Aurmii. [HkeHepHa i7esi BUSBWIACS HACTUIBKH
IUTIIHOK0, 10 TMPOTSITOM OCTAHHBOTO JECATHIITTS TEXHOJOTIS CTPYMEHEBOI
[IEMEHTAIlll MUTTEBO MOILIMPHUIACS MO BChOMY CBITY, JO3BOJISIIOUM HE TIJIBLKH OLIBIIT
e(EeKTUBHO BUPIIIYBATH TPAAMIIIIHI 3aBJaHHS, aj€ 1 3HAUTH HOBI PIIICHHS 1HIINUX
YUCJICHHUX CKJIQJHUX MPOOJIeM B rajy3i MiJI3eMHOTO Oy IIBHUIITBA.

Texnomoriss JET GROUTING (puc. 6) monsirae y BUKOPUCTaHHI KIHETUYHOI
€Heprii CTpyMeHS LIEMEHTHOIO pO3YMHY, IO CIPSMOBYEThCS Ha PYyHHYBaHHS 1
NepeMilllyBaHHs IPYHTY B MacuBi 0€3 CTBOPEHHS! B HbOMY HAJUIUIIKOBOI'O THUCKY.

Ha mepmomy ertami crientiansao ob6magnanoro mig JET GROUTING 6yposoro
YCTAaHOBKOIO OypHUThCS MUIOTHA CcBepuioBuHA miametpoM 73-90 mwm. bBypinns
MPOBOJUTHCS 70 PO3PAXyHKOBOI TJIMOWHU, SKa BHU3HAYAETHCS TPOCKTOM, 3
MOTIEPETHIM MPOMHUBAHHSAM BOJHUM PO3YMHOM MiJ THCKOM, 110 He mepeBuirye S50
aTM. 3pOIIEHHS TI0JA€ThCs OC3MocepeHh0 Ha PLKYyYHH 1HCTpyMEHT (OypoBy
IAPOIIIKY ).

Air Jat
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Pucynok 6 — Cxema crpymeneBoi nemenrauii JET GROUTING
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Ha HacTymHOMy eTari HAaCOCOM BHCOKOTO THCKY IIOJA€ThCS BOJAOIEMEHTHUIN
po3unH mia TuckoM 450-500 atM. [{uM BHCOKMM THCKOM MEPEKPUBAETHCS KaHAI
3pOIICHHS 1 BIAKPUBAIOTHCSA 2 OTBOPH, B SIKUX BCTaHOBJEHI coruia miamerpom 0.8-3.0
MM. [ToBiasHO 0OepTaroum (o6opotu 1025 06. / XB) 1, HOBUILHO MigiMar0Yu OypOBY
KOJIOHY, BiIOYBA€THCS PO3pi3aHHS 1 MEPEMINIyBaHHS TPYHTY BHCOKOI KIHETHYHOI
€Heprii CTpyMeHs, sSika BUBEPracThCs 3 BUIEBKA3aHUX COIel. BUTOTOBIEH] 3a I1i€10
TEXHOJIOTI€IO0 TIajll MOXKYTh apMyBaTHUCSI.

Y TnopiBHAHHI 3 TPAAUIIHHUMHM TEXHOJOTIAMH 1H €KLIMHOTO 3aKpITUICHHS
TPYHTIB, CTPyYMEHEBa LIEMEHTAIIisl T03BOJISIE€ 3MIITHIOBATH TMPAKTUYHO BECh Jana3oH
TPYHTIB — BIJI TPAaBIHHUX BIJKJIAJIIB 10 APIOHOIUCIIEPCHUX TJIMH 1 MYJIiB.

[HIIOI0  BaXIMBOIO  MEpPEBarol0  TEXHOJOTII €  HaJA3BUYalHO  BHCOKa
nependavyBaHICTh Pe3yJIbTAaTIB 3MIIHEHHs TPYHTIB. Lle q1ae MOXKIIMBICTh BXK€ Ha eTari
NPOCKTYBaHHA Ta YKJIAJAEHHS MIAPSAHUX JOTOBOPIB JIOCHTH TOYHO pPO3paxyBaTh
T€OMETPUYHI Ta XapaKTePUCTHKH MIIHOCTI CTBOPIOBAHOI TMiA3€MHOT KOHCTPYKIIi1
(mass, mUISTHKA MiAMIPHOI CTIHKH), a BIATOBIIHO — TPYIOBUTPATH, MaTepiaau Ta
BaPTICTh MIAPSTHUX POOIT.

[Ipu peKOHCTPYKINT TIAPOTEXHIYHUX CIIOPYJ MOKJIMBE MIJCHICHHS MMabOBOTO
OCHOBH YM 3aKpIMJICHHS TPYHTY MEpe/I Ta 3a CIIOPYI00, HaJlalouu TPYHTY OCHOBH HOBI
(hi3uKO-MeXaHIuHI BIIaCTUBOCTI (puc. 7).

g

“iCH."IHO

30HH 3aKPIIUIEHHS TPYHTY

30HA 3aKpIILICHHS [PYHTY

Pucynok 7 — 3akpinieHHsI TPYHTY:
a — noCuienHs OMopoUKU-ecmakaou; & — nocunreHHs omopouKu-60.1b8epK

[lepeBaru TexHOmOTII:

1. Bucoka mBHUIKICTb CIOPYU IPYHTOLIEMEHTHUX MaJlb;

2. MoxJIMBICTh POOOTH B OOMEXKEHUX YMOBaX — B IMIIBAJIBHUX MPUMIIICHHSX,
no6ynM3y iICHyr4nX OyjaiBeiab. B 11boMy BUMAAKy Ha 00’€KTI BCTAHOBIIOETHCS TUIHKH
MmasorabaputHa OypoBa YCTaHOBKA, & BECh 1H €KI[IMHUI KOMILUIEKC PO3TAIIOBYETHCS
Ha OUTBII 3pYYHOMY Bi/TAJICHOMY MalJJaHYUKY;

3. ApMyBaHHS KapKacoM apMaTypu;

4. BiacyTHICTh yAapHUX HaBaHTaXEHb, TaK SK HA BIAMIHY Bia 3a0MBaHHS
3aJ11300€TOHHUX TaJb MPUCTPIM TPYHTOIEMEHTHUX TMallb HE CYMPOBOIKYETHCS
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HEraTUBHUM YJIapHUM BIUTMBOM Ha (pyHIaMEHTH OJIM3bKO PO3TAIIOBAaHUX OY/IIBEIb 1
CHOpYI.

BucHosok.

3aranpHUMU TIepeBaraMu 3aCTOCYBaHHS PO3TJISIHYTUX TEXHOJOTIYHUX METOJIIB
PEKOHCTPYKIIi ¥ MOCUJICHHS TIAPOTEXHIYHUX CHOPY € BIICYTHICTh HEOOXITHOCTI B
JaCTKOBOMY pPO30MpaHHl CTapoi KOHCTPYKIII Ta PO3YHIUIBHEHHS TPYHTY 3aCHUIIKH,
HEMae HEOOX1THOCTI Y BUHECEHHI HOBOI JIiHIT KOPAOHY Ha BEJHKI BiJCTaHl; BUCOKa
IIBUIKICTh TIPOBEICHHS POOIT.

Takox 10 mepeBar po3rsHyTHUX TEXHOJOTIN CJiJ BIAHECTH 1X €KOHOMIYHICTD,
BUCOKY MPOJYKTHUBHICTh, MOXJIMBICTb BEIACHHS pOOIT y OOMEXEHUX YMOBax,
BIJICYTHICTb IIIyMYy Ta BiOpalliii mij 4yac BUKOHAHHS POOIT, €KOJIOT1YHA YUCTOTa BCIX
TEXHOJIOTIYHUX OIlepalliii, MOXJIMBICTb BUKOHAHHS POOIT y 3aJaHOMYy IHTEpBai
TJTMOUH.
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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.
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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 MIJME 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 PLN5-35, 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 (4lopecurus 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 6o K 9o [11].

In autumn make phosphorous and potassium fertilizers in a dose of P ¢ 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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Anomauia. Onensipcmeo 6 Ykpaini nabysae nowupents i popmyemuvcs sIK HOBUL HANPAMOK 8
eanysi meapunHuymea. Po3eedenns ma ympumanusa meapun 6 ymoeax hepmepcoKux 20cnooapcme
nompebye po3pooKu ma 6NPOBAONCEHHS CYUACHUX NIOX00i8 00 cucmemu YmMpUMAaHHs, Kpumepiie
000pobymy  meapuH, YOOCKOHANeHHs cucmemu 200i8ni (nid200ieni), MOHIMOpuHey ma
npoghinakmuku 3axeopiosans. Ilpoananizosano Haykosi 0xcepena aimepamypu, sKi MiCmMams OaHi
00Cni0JICeHb  GIMYUSHAHUX GYEHUX 3 NUMAHb 3abe3neyeHHss 000pobymy onewnis. Hasedeno
0CoOIUBOCMI MPABNEHH MA eKON02Ii JCusieHHs oaeHis. Bucsimaeno mexnonociuni acnexmu
NOKpaujeHHsA nacosuuy 0Jis OJIeHi8 3 BUKOPUCIAHHAM CYMIUOK OA2amopiuHux mpas.

Knrwuoei cnoea: mpasocymiwiku, oOMiHHA eHepeis, nacosuuje, MUCIUBCbKE 20CN00APCMe0,
OUKi KONUMHI.

Stat sent: 20.11.2024.
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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

ISSN 2567-5273 57 www.moderntechno.de



Modern engineering and innovative technologies Issue 36 / Part 3

next stage, which involves mixing the extrudate with other components, remains a
difficult issue. This is 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 1s 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, 1. 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 % 1n 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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Figure 2 — Content of essential amino acids in soybeans and products of its
processing, %

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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Anomauia. Y cmammi po3enanymo modxcausicms nioGUUieHHs egpexmusHocmi podoomu
eKxcmpy3itiHo20 00NAOHAHHA 3a PAXYHOK PO3WUPEHHS cghepu 1020 3ACMOCY8AHHSA, 30Kpemd,
B8UPOOHUYMBA PIOKUX © NACMONOOIOHUX Kopmosux cymiutel. Lle docseaemvcs wnsaxom oOpoOKu
3EPHOB020 KOMNOHEHMA 8 eKCMPYOepi 3 HACMYNHUM 3MIULY8AHHAM U020 3 PIOKUMU KOMNOHEHMAaMU
npu 6UKOPUCMAHHI meniomu ekcmpysii. L{a mennoma y 6upooruymei 3apas He UKOPUCHOBYEMbCA.
Bona nio uac obpobku axymynro€emuvcsa 6 4acmuHKax ekcmpyoamy i Ha 6uxo0i 3 Hb020 NOMiM
8MpaAvacmMsbCs 8 HABKOIUWHE cepedosguuje. 3anponoHo8ano ii UKOPUCIMOBY8amuy Npu 3MIiuLy8aHHI
0151 Q0CsicHeHHs cmepunizayii  ycix Komnowenmie cymiwi. Egexmusnicmv euxopucmarnms
3anponoHOB8AH020 CNOCODY OO0CTIONCYBANU WLIAXOM OYIHKU: CKIAOY AMIHOKUCIOM OMPUMAHUX
cymiwtell;, aKmueHOCmi ypeaszu, MIKpOOION02IUH020 NOKA3HUKA. J{OCHiONHCeHHS NPOBOOUNUCH 3d
cmanoapmuumu  memoouxamu. Ilo  pezyrbmamam — awanizy — 006e0eHo  ehexmusHicmb
npononosano2o  cnocody. 3okpema, niOmeepoONceHO  3POCMAHHA  KIIbKOCMI — He3aMIHHUX
AMIHOKUCTIOM ) NACMi NOPIBHAHO 3 2PAHYIbOBAHUM eKCmPYOamom ma co€ro. JJ06e0eHO 3HUNCEeHHS
axmuenocmi ypeaszu 6 nacmi 0o 0,15 ApH, wo 6 meaxcax nHopmu. Ompumano 0aui npo He3HAYHULL
picm mikpobionoeiunoeo nokasnuxa 6 nacmi 3 2 KYO 0o 14 KYO npomscom 30 0i6 36epicanns.
Bcmanoeneno giocymmuicmo eHmMeponamo2eHHUx wmamie KUWKOBOT NanuyKu,
MOKCUHOYMBOPIOIOYUX AHAepOoObi8 | CalbMOHeN, WO MedC C8IOUUMb NPO OO0CACHEeHH CMepunizayii
ycix komnonenmig cymiwi. Omowce ompumani Oani 00800amb, WO KIIbKICMb Meniomu
AKYMYIbOBAHOI Ni0 Uac ekCmpy3ii € 00Cmamubo0 071 O0CACHEHH nacmepu3ayii ycix KOMNOHeHmi8
cymiwi. Ompumani  0aHi  MOJCYMb  3ACHOCOBYBAMUCL 8  MEXHON02IAX — BUPOOHUYMEA
0a2amoKoMNOHEeHMHUX KOPMOBUX CYyMiuLel.

Knrwouoei cnosa: excmpyoep, 3miuty8anns, nacmepuzayis, Cymitd, AMIHOKUCIOMU.
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Anomayia. B mexnonozii eupouyy8anHs OYpsAKi@ KOPMOBUX 6ANHCIUBO20 3HAUEHHSA 8idiepac
KOMNJIEKC a2pOmexXHIYHUX 3axo0i8, AKull 3abesneuye I[HMeHCUBHEe HAKONUYEHHS Op2aHiYHOi
peyosunu i weuoKe HapoOCMaHHs NIAOWI JUCMKOB0I nogepxHi. Badxciuey ponv eidiepac coHAUHA
padiayis, sAKa GUKOPUCMOBYEMbC POCIUHAMU OYPAKIE KOPMOBUX 8 JNimHill nepiod. B ymosax
IIpasobepescnoco Jlicocmeny Yxpainu Haubitbwd IHMEHCUBHO ye NPOXOOUmb GnpooosiCc (as
VMBOpeHHs Opy20i napu CRPABHCHIX TUCMKIB, 3MUKAHHA MA POSMUKAHHS POCIUH Y PAOKY MAKOHNC
BANCIUBUM €TIEMEHIOM 8 MEXHON02II € cucmema y00oOpenHs, KA 3a0e3neuye pOCIuHU eleMeHmamu
KOPEHeB020 JHCUBNEHHS, A MAKONC HAOXOONCEHHS 3 NOGIMps uepe3 0I0N02iuHY aKMUBHICMb [PYHIMY
00CmMamHvOi KilbKOCMI 8Y2/IeKUCIOMU.

Cepeo azpomexniunHux 3ax00i@ 01 pOCIUH OYPAKI6 KOPMOBUX € NIOWIA JHCUBNLEHHS, 5KA
enaueac Ha pooomy homocuHmemuyHoi OiANbHOCMI, | MA€E€ OYmMU ONMUMANLHOIO, MO0 AK NpU
3a2yWeHux nocieax HepayioHANbHO BUKOPUCIOBYEMbCS (YOMOCUHMEMUYHUL anapam 3ad paxyHOK
83AEMHO20 3AMIHEHH JUCMKIB, WO RNo2Ipulye aepayilo Nocieis, CHOBIIbHIOEMbCA O0CMYN
gyenexucnozo 2azy (COz) 00 1ucmko80i no8epxHi poCiuH.

Onmumanvue O0cGimaAeHHA POCIUH OYPAKI6@ KOPMOBUX € HeOOXIOHOW YMO080I0 pocmy i
PO3BUMKY MA PenpoOyKMUBHUX OP2aHI8, OCKIIbKU JTUCKU 00epIHCYIOmMb MAKCUMANbHY KLIbKICHb
c8Iimn060i enepeii i 3abe3neyyroms ix 000amKoge YMpUMAaHHs, 30IbUWYIOYU YUM 3A2a1bHY HIOULY
JUCMKOB80I Macu. 3a8059KU YbOMY 8 NOCIBax KOpMOSUx OypAKie y ¢azy po3muxkauHs psaoKie
iHmencuenicmos omocunmesy nouudcyemscs. Tomy, @paxosyouu 0iono2iuHi  0codaugocmi
Kyibmypu 0o0CaiOHux copmie 6npooosdc 2022-2024 pp. nposoounu noavo8i O0CHIONCEHHS 3
BUBUEHHA pomocuHmemuuHoi OisiibHOCMI  pociuH  Oypsakie Kopmosux. Hatigascnusivumu
NOKA3HUKAMU homocunmemuyHoi OiaibHOCMI POCIUH, WO 8U3HAYAIOMb 8 KIHYe8oM)y pe3yibmani
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npoOOYyKMuUsHicms nocieie, € niowa aucmkosoi nogepxui (IL/1), ¢homocunmemuunuii nomenyian

(@I1), yucma npodykmugnicmos gpomocunmesy (4I11®) ma tioeco cocnodapcvra eghekmuHicme.
Knwuoei cnosa: Oypaku Kopmogi, niowa JaUCMKOB0I NOBepXHi, (homocunmemuyHull

nomeHyian, eecemayitiHuli nepioo, yucma npooyKmMuSHICmb, CyXa peiosund, MexHiuHa Cmu2iicme.

Beryn.

B texHomorii BupoIyBaHHSI OypsiKiB KOPMOBUX Ba)JIMBOTO 3HAUEHHS BiJIrpae
KOMIUIEKC arpOTEXHIYHUX 3aXOjiB, SKHHM 3a0e3reuye 1HTCHCHBHE HAKOIMWYCHHS
OpraHiuyHOi PEYOBMHHM 1 MIBUAKE HAPOCTAHHS IUIOINIl JIUCTKOBOI MOBEepxHI. Baxnupy
pOJIb BIJITpAa€ COHSYHA pajialiis, sSKa BUKOPUCTOBYETbCS PpOCIMHAMHU OYpSKiB
KOpPMOBHUX B JiTHIN nepiof [4, 7]. B ymoBax IlpaBo6epexnoro Jlicocremy Ykpainu
HaWOIIBII IHTEHCUBHO I1I€ TPOXOJUTH BMPOAOBXK (a3 YTBOpPEHHS JAPYyroi mapu
CTPaBXXHIX JIMCTKIB, 3MUKAaHHS Ta PO3MHUKAHHS POCIHMH y PAIKY TaKOXK BaKIMBUM
€JIEeMEHTOM B TEXHOJIOTII € cucreMa YyAOoOpeHHs, ska 3a0e3neuye pOCIHHU
€JIEMEHTaMU KOPEHEBOTO JKHMBJICHHS, a TaKOXX HAAXO/DKEHHS 3 TIOBITps depes
010JI0T14YHY aKTUBHICTb IPYHTY JOCTaTHBOI KIJIbKOCTI BYTJIEKUCIIOTH [2, 5].

Cepen arpoTeXHIYHUX 3aXOMIB JJIA POCIMH OypsKiB KOPMOBUX € IUIOLIA
JKUBJICHHS, fIKa BIUIMBAa€ Ha POOOTY (POTOCMHTETUYHOI MISUIBHOCTI, 1 Mae OyTH
ONTHUMAJIBHOIO, TO/1 K MPH 3arylIEHUX MOCIBaX HEPAI[lOHAIIbHO BUKOPUCTOBYETHCS
(OTOCUHTETUYHHUH amapaT 3a paXyHOK B3a€EMHOTO 3aTIHEHHS JIMCTKIB, 110 MOTIPIIy€E
aeparlito MocCiBiB, CIOBUIBHIOETHCS JOCTyN Byriekucioro razy (CO,) mo JMcTKOBOi
noBepxHi pociuH [1, 6].

OnTuMalibHe OCBITJICHHS POCIMH OypsIKiB KOPMOBUX € HEOOXI1JHOIO YMOBOIO
poCTy 1 PO3BUTKY Ta PENPOAYKTHBHHMX OpPraHiB, OCKUIBKHA JIMCTKU OICPKYIOTh
MaKCHMaJIbHY KUIBKICTH CBITJIOBOI €HEpTii 1 3a0e3MeuyIoTh iX J0JaTKOBE yTPUMaHHS,
30UIBIIYIOYM IIMM 3arajbHy IUIONIY JIMCTKOBOI Macu. 3aBIsKU I[bOMY B IIOCIBax
KOPMOBUX OypsikiB y a3y pO3MHUKaHHS PSAIKIB 1HTEHCHUBHICTh (DOTOCHUHTE3Y
MOHMWXKY€eTbca. ToMy, BpaxoByroud O10JOTIYHI OCOOJMBOCTI KYJBTYPH AOCIITHUX
coptiB BrponoBxk 2022-2024 pp. OpOBOJWIM TOJIbOBI JOCHIKEHHS 3 BUBUCHHS
(OTOCHUHTETUYHOT [ISJIBHOCTI POCIHMH OypsKiB KOpMOBUX. HaliBaxxJIMBIIIMMU
MOKa3HUKaMHU (DOTOCHHTETHYHOI AISUIBHOCTI POCIUH, 110 BU3HAYaIOTh B KIHIIEBOMY
pe3yJibTaTi MPOJYKTUBHICTH TIOCIBIB, € Iwioma JucTkoBoi moBepxHi (I1J),
dbotocunrernunuii norenmian (POIT), uncra npogykTuBHicTh hoTocuntesy (UIID) ta
foro rocrogapcbka epeKTUBHICTS [ 3, 8].

MeTtoauka npoBefeHHs] JOCTiIAKeHb. JOCIIKEHHS] MPOBOAMIN BIPOAOBK
2022-2024 pp. Ha nputsHKax pociigHoro modsi rpynu kommaHii VITAGRO, sike
po3mimeno c. Kpukis Kam’sneub-Iloginbchkoro paiioHy XMenbHHUIIBKOT 0OJaCTi.
['pyHT nmochimHOi AUISHKK, 3a JaHUMH — €KOJIOTO-arpOXiMIYHOTO  MacropTa
roCro/iapcTBa — YOPHO3EM BHIYTyBaHWI, Mall0 TYMyCHHMW, Ha KapOOHaTHUX
JIECOBUAHMUX CYIJIMHKAX, sIKI OLIHIOIOTHCS 33 arpoXiMIYHOIO OLIHKOKO B 35 Oani. B
IPYHTI HE BUSBIEHO 3a0pyAHEHHS BAXXKMMU MeETaldaMH, pPaJlOHYKIIJaMu Ta
MECTUINIAMHU, XapaKTePU3yEThCS BUCOKUM 3a0€3MEeYeHHSIM MPOAYKTUBHOI BOJIOTH,
MTOMIPHOIO 320€3MEYEHICTI0O OCHOBHUMH €JIEMEHTAMM KUBJICHHS, MIKPOEJIEMEHTaMHU,
CHPUATIUBUMH (P13UKO-XIMIYHUMHU BIACTHUBOCTSIMHU.

CopTOBUBYEHHSI BUKOHYBAJM  BIAMOBIAHO 10 «METOAUKH  3€pPHOBOTO
COpPTOBUNPOOYBaHHS CLILCHKOTOCHOJAPCHKUX KYJIBTYp» METOJUKUA IPOBEACHHS
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JTOCTIDKEHh 3 KOPMOBHPOOHHMIITBA Ta METOAUKH aHalidy B arpoHomii Ta
arpoeKoJIorii.

[Tnomy mmctroBoi (IIJI) moBepxHI BU3HAYAIM METOJOM «BHCIYOK», OTIMCAHUM
3.M. I'pumaeako Ta iH. (2003) 3 momaibmUM poO3paxyHKOM 3a (GOpMyJow: S =
(K*Y)*P/B. Uuctry nponyktuBHicTh Qorocunresy (UIID) BuzHavyaiu mnepioanyHO
HUIIXOM B1AOOpY NpoO pOCIMH, y SKUX BU3HAUYAIM 3arajbHy Macy, OKpeMO Macy
JUCTKIB: KOPEHEIUIOAIB, oty JucTkoBoi moepxHi ( UIID = M,-M,/0,5 * (ILJ1; +
[1J1,) * n).

®dotocunTeTnynuii nmoteHmian (OII) 3a gopmynoro: ®IT = JI; + JI/ 2*1000
BU3HAYMJIU TIJIOIY JIMCTKOBOI MOBEPXHI y MeBH1 (a3u po3BUTKY pociuH (J1;, JI,).

Pe3yibTaTH eKCHEPUMEHTAJBHHUX J0CiIKeHb. [[pONyKTUBHICTE PO3BUTKY
pociuH OypsiKiB KOPMOBUX 3aJIe’KUTh BiJl 30UIbIICHHS aCUMUIALINHOI MOBEPXHI B
nepios; GOTOCUHTETUYHOT MISUTBHOCTI JIMCTKIB, 110 B3aEMHO IOB’SI3aHO 3 aKTHBHUM
dbopMyBaHHSIM KopeHeruoAiB. [Ipy 1bOMYy CTBOPIOIOTHCSI YMOBH JJil 1HTEHCHBHOI
TSTBHOCTI  (POTOCHMHTE3y, IO B MOAAIBIIOMY BH3HA4Ya€ BEIWYMHY BpOXKAIo.
OnTuManpHa BEJMYMHA JIMCTKOBOI TIOBEPXHI TMOBMHHA OyTH JOCATHYTa 0
3aKIHYEHHS  BereTaliiiHoro rmepiogy, 1 IOYaTKy MacoBOro  (OpMyBaHHs
KopeHernoiB. [Ipu iHTeHCMBHOMY PO3BUTKY (DOTOCHHTETHYHOI MOBEPXHI POCIHUH, B
PE3yIbTaTI 4OTO CIIOCTEPIraeThCs B3a€EMHE 3aKIHUEHHS YACTUHU JIUCTKIB B HIDKHBOMY
Apyci, BOHHM JKOBTIIOTh, MIJACHXalOTh, MPHU I[HOMY aCHUMUIAIINHA TOBEPXHS
3MEHIITYETHCS, 10 MOXKE MPU3BOJIUTH JI0 TIOHMKEHHS BPOKAFO.

Pe3ynbraTti eKCepuMEeHTATBHUX JOCIIIKEHBb CBI1TUaTh, IO JJUCTKOBA MTOBEPXHS
3 PO3paxyHKy Ha OJUHUIIO IUJIOIII B MOYATKOBI (pa3d POCTY POCIMH MK COPTAMH
MaliKe He BiIpi3HATUCS, a Ti mokasHuky Oyiau B Mexax 1,49-1,76 tuc. m*/ra (Tabm. 1).

Taoauus 1 - ILi1oma JUCTKOBOI NOBEPXHI POCJINH OYPSKIB KOPMOBHUX 3AJ1€5KHO
Bix copry, THC. M%/ra (cepenne 3a 2022-2024 pp.)

da3a pO3BUTKY
Copt YTBOpeHHs 2-01 | 3MHUKaHHS JUCTKIB | TeXHIYHA CTUTIICTh
Mapy JINCTKIB Y pSAAKY KOPEHETUIO B
Agipa (KOHTPOJIb) 1,51 61,9 24,3
Pexopna Ilomi bic 1,76 68.4 26,7
Arpo-Ilomi 1,68 534 22.8
Kamon 1,28 45,8 21,7
Mapima 1,50 56,7 21,9
Cnagis 1,49 58,9 22,5
CrapMoH 1,62 60,1 26,1
Onpxuu 1,71 61,2 26,0

Sk cBimuaTh pe3yJabTaTH JOCTIKEeHb, 0 TEMITH HAPOCTAHHS TUIOII JIUCTKOBOT
MOBEPXHI POCIMHAMU PI3HUX COPTIB OYypsIKIB KOPMOBHX BIIPOJIOBXK MEPI0y Bererarii
JIEI0 BIJPI3HSUIMCS TTOKa3HUKAMU ILIOIII JIMCTKOBOI MOBEepXHi. Tak, y gazy 3MukaHHs
PSAIKIB POCIIMH 3 HAMBUIUMH MMOKAa3HUKaMH OTpuMaHo y copTiB: Pexopa Ilomi bic —
68,4 tuc. m*ra; Amnpa — 61,9; Ombxua — 61,2 tuc. m*ra; Crapmon — 60,2,
BIAMOBIAHO. Jlemo HuX4Yl 3a MOKa3HUKAMH JIMCTKOBOI IMOBEPXHI POCIUH OYpSKIB
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KOPMOBUX 3aiiMainu coptu: Cnasist — 58,9 tc. m%/ra; Mapima — 56,7 tuc. m*/ra.

Jlis BU3HAYEHHSI BPOXKAHHOCTI TMOCIBIB Ta OILIHKU MPOJYKTHUBHOCTI OypsKiB
KOPMOBHX € TIOKa3HHMKH CyMapHOI IUIOIII JIMCTKOBOI MOBEPXHI POCIHH BIPOJOBXK
yChOTO BETeTaI[IIfHOTO MePioTy, SKUil BUBHAYA€ThCA (DOTOCUHTETUYHUM MOTEHIIIAIOM
1 BHUMIPIOETHCS CYMOIO TMIOJ000BUX TMOKA3HHWKIB TUIOMI JIMICTKOBOI TIOBEPXHI Ha
reKTap.

PesynbraramMu OCHIIKEHb BCTAHOBJICHO, MO0 (DOTOCMHTETUYHUN TTOTEHITIAI
POCIIMH Yy COPTIB OypsIKiB KOPMOBUX (POPMYETHCS TUIOIICHO JIMCTKOBOI TMOBEPXHI
(Tabm. 2).

Taodauus 2 - ®OTOCUHTETUYHHUI MOTEHI[IAJ POCIUH OYPSAKIB KOPMOBHX 3aJ1€2KHO
Bix copry, MutH. M2 X 1i6/ra (cepeane 3a 2022-2024 pp.)

Copt da3u pO3BUTKY
YTBOpeHHs 2-01 | 3MUKaHHS JIUCTKIB Texniuna
napu JIMCTKIB Y PSAKY CTIHKICTb
Anpa (KOHTPOJIb) 0,026 1,836 2,867
Pexopna Ioi bic 0,035 2,234 3,233
Arpo-Ilomi 0,029 1,723 2,329
XKamon 0,021 1,631 2,400
Mapima 0,028 1,932 2,866
CnasBis 0,024 1,700 2,499
Crapmon 0,028 1,837 2,999
Onpxud 0,033 1,906 2,010

Sk cBigUaTh pe3yiabTaTH JOCTIIKEHb, 10 B CEPEIHHOMY 332 POKH MOKA3HUKU
(OTOCHHTETUYHOTO TOTEHIIIATY 3pOCTaOTh BiJ (ha3u 3’ SIBICHHS CXOAIB O 3MUKAHHS
POCIIMH Y PSIAKY O TEXHIYHOI CTIMKOCTI KOPEHEIUIOAiB. MaKCUMallbHI MOKa3HUKH
(OTOCHHTETUYHOTO MOTEHLIaTy CQOPMYBAJIMCh B MEPIOJ TEXHIYHOI CTHUIJIOCTI
KOPEHEIUIOAIB CTaHOBMIM — 3,233 muH. M? X nmi6/ra y copry Pexopn Ilom bic,
npomikHe Micie 3aiiMaroTh coptu: CtapmoH — 2,999; Anpa — 2,867 1 Mapima —
2,866 MiH. M? X 116/ra. TakMM YMHOM CJIi/1 BIAMITHTH, 110 Lieli MOKAa3HUK B OUIBIIOCTI
3QJIeKaTh BiJl MPOJOBXKEHOCTI mepioAay (a3 pocTy 1 PO3BUTKY POCIHH, TaKOXK
COPTOBUX 0COOJIMBOCTEN KYJIBTYPH.

3pocTaHHs IUIONII JIMCTKOBOI TMOBEPXHI Ha OAMHUIIIO AUISHKU ITO3UTHUBHO
BIUIMBA€ HAa IHTEHCHUBHICTh MPONECIB (OTOCUHTETUYHOI MPOJYKTUBHOCTI COPTIB
OypsikiB KopMOBHX. JlOBeIeHO, IO ISl KOKHOTO COPTY ICHYIOTh MEBHI ONTHUMAaJIbHI
MEX1 BEJIIMYMHU TOKAa3HUKIB TUIONI JIMCTKOBOI TOBEPXHI Ta (POTOCHHTETUYHOTO
noteHmiany (®II). IligBumeHHsT BETWYMHU IMX MOKA3HUKIB y MEXaX ONTUMyMY
MPU3BOJIUTh 1O 30UIBIICHHS TOKA3HWKIB YHCTOI TPOIYKTUBHOCTI (DOTOCHHTE3Y
(UI1d). Mesxa muioni JJMCTKOBOT TOBEPXHI Ta OTOCHHTETUYHOTO TIOTECHINIATY MAIOTh
pI3HI TIOKa3HHWKHU, $KI OOYMOBIIOIOTHCS 3MEHIICHHSIM YHCTOI MPOIYKTUBHOCTI
(dhoTocuHTE3y.

BcranoBineHo, 110 B cepeIHbOMY 3a POKH JTOCHIIKEHb MaKCUMaJIbHI TOKa3HUKHU
yuCcTOi MpOAYyKTUBHOCTI (oTtocuHTedy (UIID) y pociuH OypsKiB KOPMOBHUX
cranoBuim 7,21-6,05 r/m? 3a 100y y (a3i 3MHKaHHS psaakis (Tabm. 3).
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Taoauus 3 - Uucra npoAyKTUBHICTH ()OTOCHUHTE3Y POCIUH OYPSAKIB KOPMOBHX
3aJ1€5KHO BiJ copry, r/m* 3a 100y (cepemne 3a 2022-2024 pp.)

Copt da3u pO3BUTKY
3MUKaHHS POCIUH PSJIKY TexHIuyHA CTUTIIICTh
AJipa (KOHTPOJIb) 6,78 3,74
Pexopna Iomi bic 7,21 3,85
Arpo-Iloi 6,63 3,55
Kamon 6,05 3,59
Mapima 5,99 3,44
CnasBis 6,78 3,67
CrapMmoH 6,90 3,60
Onpxu4 6,88 3,83

SK BCTaHOBJIIEHO pe3yjbTaTaMH JOCJIPKCHb HAWMBUINUMNA TOKa3HUK YHUCTO1
MPOAYKTUBHOCTI (POTOCHHTE3Y Yy (ha3y 3MHUKaHHS PAIKIB BiAMIUEHO y copTy Pexopa
IToni Bic — 7,21 r/M? 3a 006y, Takox y copty Crapmon — 6,90 i Onbxud — 6,88 r/m?
3a n00y. 3 HaiHmwxk4YM mnokazHukoM (UIID) Buminserscs copt Mapima — 5,99 i
XKamon — 6,05 r/mM* 3a 100y BianosigHo. B moganbimomy i3 po3BUTKOM POCIHMH Bif
da3u 3MHKaHHS [0 TEXHIYHOI CTHUIJIOCTI MOKa3HUKHU MOHIXKYIOThCA. [lpote, 3
MIIBUIIEHUMHU TTOKa3HUKaMH y (a3l TEXHIYHOI CTUTIIOCTI BUAUISIOTHCS COPT Pekopa
[Toxi Bic — 3,85 i Onbxuu — 3,83 r/M? 3a 100y. AHANOTIYHO LE CIIOCTEPIracThCs
MOKA3HUKHU 1 32 IHIIUMH COPTaMHU, SIKI BABYAINCH Y HAIIMX JTOCHIIPKEHHAX 1 3aJIe/kKaIu
BiJl COPTOBUX OCOOJMBOCTEH 1 epioy a3 pocTy 1 PO3BUTKY POCIIHH.

DOTOCHUHTETHYHA JISUIBHICTh POCIMH OYpSKIB KOPMOBHUX B IIPOIECI POCTY 1
PO3BUTKY POCJIMH CYIIPOBOJIKY€ETHCSI HAKOMMYEHHSIM CyXOi PEYOBHHH Y BEr€TaTUBHIM
reHepaTUBHIN YaCTUHAX BIPOJOBXK OHTOreHe3y. [Ipore, IHTEeHCUBHICTh HAKOMTMYEHHS
CyX0l PEYOBHHHM POCIMHAMH TICHO IOB’s3aHa 3 MOTOAHO-KIIIMATHYHUMH YMOBAaMH
BereTaliiHoro nepiony i copramu. HakonuueHHs cyXxoi peuOBUHU KOPEHEIIONaMU 1
BETeTaTUBHOIO MAacOI0 CIIOCTEpIraeThcs IMEeBHA 3aKOHOMIPHICTh. B mepion Bix ciBOu
70 a3 yTBOPEHHS ABOX CIIPABXKHIX JIUCTKIB, YCI TJIACTUYHI pEYOBUHU (DOTOCUHTE3Y
BUTpAYalOThCd Ha (OPMYBaHHS JUCTKIB. 3 HACTaHHIM TMepioay ¢da3u 3MUKaHHS
PSAIKIB, BETETAaTUBHUN PICT JUCTKIB 3HAYHO MOHUXKYETHCS 1 KUIBKICTh MacH CyXoi
PEYOBHUHH ICTOTHO MiABUIIYETHCS 3a PAXYHOK MPOJAYKTUBHUX OPraHiB KOPEHETUIOIB.
HakomunueHHs cyXoi pEedyOBHMHHU BIIPOJIOBXK BETreTAIITHOTO MEpiOAYy BU3HAYAETHCS
010JIOTIYHUMH OCOOJIUBOCTSIMU CcOpTiB. Ha mouatky pocTy 1 pPO3BUTKY POCIUH
HaKOMUYEHHs OI10JOTIYHOI Macu BiIOYBA€ThCS TMOCTYNOBO, B TMOAAIBIIOMY 13
PO3BUTKOM HAKONMWYEHHSI 11 MPOXOAUTh I1HTEHCHMBHO 1 HANpPUKIHII BereTari
CIIOBUIBHIOETHCS.

OTpumani pe3yabTaTH JOCIIKEHb MIITBEPKYIOTh, III0 Y NOYAaTKOBUM MEPI0T
BEreTalii NpUpICT CyX0i PEUOBUHU COPTIB OYPSKIB KOPMOBHUX Mail>ke HE 3MIHIOETHCS
(Tabm. 4).

AHami3yloud TOKa3HUKHW HArpOMAa/KEHHS CyXOi PEYOBUH y JIMCTKaxX OypsKiB
KOPMOBHX B IIPOIIECI POCTY POCIHH 1 30UIBIICHHS JIMCTKOBOI IOBEPXHI OloJioriyHa
Maca y BCiX COPTiB 70 (ha3u TEXHIUYHOT CTUTIIOCTI MiABUIILY€THCA.
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Taoauus 4 - BiuiuB cOpTy Ha HATPOMA/I’KEHHS CYyX0I Pe4YOBHHHM Y JIMCTKAX
pocJinH OYpsiKiB KOPMOBHMX, T/Ta (cepenne 3a 2022-2024 pp.)

da3a pO3BUTKY
Copt YTBopeHHs 2-01 | 3MHUKaHHS JUCTKIB | TexXHIYHA CTUTIICTh
napu JHUCTKIB Y PSLIKY KOPEHEIJIOIIB
Agipa (KOHTPOJIb) 0,021 2,32 3,23
Pexopna Ilomi bic 0,024 2,41 3,64
Arpo-Ilomi 0,021 2,10 2,32
XKamon 0,022 2,08 3,01
Mapima 0,024 2,28 2,77
Cnasis 0,023 2,30 2,64
CrapMoH 0,021 2,31 2,76
Onpxuu 0,024 2,27 2,32

HarpomamkeHHss CcyxOi pPEYOBHMHHM pPOCIMHAMH MaKCHUMAaJbHOTO 3HAYEHHS
HaOyBae y (a3i TexHiuHoi cruriocti y copty Pekopn Ilomi bic cknamae — 3,64 1/ra,
copty Anpa — 3,23 1/ra 1 Kamon — 3,01 1/ra. [IpomikHe Miciie 3aliMarOTh COPTH:
Mapima — 2,77 m/ra, Crapmon — 2,76 1 CnaBig — 2,64 T/ra, 3 MiHIMaJbHUMHU
nokazHukamu copty Arpo Ilomi 1 Onwxuy — 2,32 T/ra BianosigHo. [loHMmkeHHs
MOKa3HUKA CyXOl pEYOBUHH Y JINCTKAX POCIUH OypsiKiB KOPMOBUX MOKHA MOSICHUTH
COPTOBUMH OCOOJIMBOCTSMH Ta TOTOJHO-KIIMAaTHYHUMH yMOBaMH B  POKH
MIPOBEICHHS TOCT1KEHb.

3a  MOpQOJOTIYHUMH  O3HAKAMH  KOPEHEIUIOJIB  OypsSKiB  KOPMOBHUX
XapaKTEPU3y€EThCS 1X TOCMOAAPChKa IIHHICTD, SIKa BIUIMBAE HA SKICHY OIIHKY COPTY.
Mopdomnoriuai  0O3HaKM BHU3HAYAIOThCS 32 (OPMOIO  KOPEHEIUIOZYy, Macoro,
3arJauOJIeHHS Yy TPYHT. BUIBIIICTh MUX MOKA3HUKIB BIAITPAIOTh BAXJIMBE 3HAUYCHHS
JUTSI MEXaH130BaHOTO BUPOIIyBaHHS 1 30MpaHHs Bpoxkaro. 3arin0iaeHHs] KOPEHEIIoy
y IPYHT, € OJIHI€IO 13 03HAK COPTY 32 BUKOPUCTAHHSIM JJII MEXaH130BaHOTO 30MpaHHS,
0 € HAA3BUYANHO BAXXJIMBUM AarpoTEXHIYHMM 3aXOJIOM 1 3yMOBIIIOE TE€HOTHII
POCTINH, a TAaKOX YMOBH iX POCTY Ta PO3BUTKY. Takok Ba)KIHBOIO MOPQOIOTIYHOO
OIIHKOIO KOPEHEIUIOAIB € (hopma.

OcHOBHI MOpP(}OJIOTIYHI O3HAKKW KOPEHEIUIONIB OypsiKiB KOPMOBHX B JOCHIAI
BHU3HAYaIM y (pa3y TEXHIUHOI Ta Ha Mepiof 30MpaHHs Bpoxato (Taoi. 5).

AHanizyroun MOpPQOJIOTiYyHI O3HAKU KOPEHEIUIOAIB OypsKiB KOPMOBUX ¥y
TEXHIYHIM CTUTJIOCTI 3aJIeKHO BI1J COPTY BCTAHOBJICHO, IO 3a (pOPMOIO MEpEeBa)Kae
nuniaapuyna (coptu — Anpa, Pexopa Ilom bic, XKXamon, Onbxud), mMoaoBXKeHO-
KOHIYHa 3 copTiB Mapima, Cnasist 1 CtapmoH, okpyriow — Arpo o,

3 MiIBUIIIEHOI0 MACOI0 KOPEHEIUIOMIB cepell COPTIB BUAUIsEThCs copT CnaBis —
8,2 Kr 13 cepennboro Macoro copt Arpo-Iloni — 6,3 kr, XKamosn 1 Onbxuu — 6,0 kr. 3
MOHMKEHUM MOKa3HUKOM MacH KOPEHEIUIOAY BCTAHOBIIEHO y copTy Mapima — 4,4 kr
1 Anpa — 4,2 kr.

BaxunBoro o3Hakoro aJis OypsSKIB KOPMOBHUX € 3aryiMOJICHHS KOPEHEIUIONY B
IPYHT, SIKAH BiJIrpa€e BOJIOTE 3HAUEHHS JJI1 MexaHi30BaHOTOo 30upanHs. Cepen copTiB
13 3arnubiieHuM KopeHemtonoM B IpyHT 60-70% BcTaHOBIEHO y copTiB Mapiina,
Cnasis, CrapmoH. [3 3a0apBieHHSAM MOBEPXHI KOPEHEIUIOAY OYpSKIB KOPMOBHX
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nepeBaxaroTh KOBTOTO KOJIbOPY, Y COPTY AJipa — O170r0 KoJIbopy 1 copTy Arpo-Iloni
— YEpBOHOTO.

Tadoauus S - Mop¢oJioriuHi 03HAKH KOPEHEeNJI0AiB OYpPsSIKiB KOPMOBHX Y
TeXHIYHil CTHIJIOCTI 32J1€2KHO BiJ COPTY

Copt O3HaKM KOpPEHEII01y
dopma Cepennst | 3arnu6OneHHs | 3abapBieHHS
Maca, KT y IpyHT, % MOBEPXHIi
KOPEHEeTIOAY
Agpa (KOHTPOJIb) | IWIIHAPUYHA 4,2 30-40 o11e
Pexopx Ilomi bic IAJIHIPHIHA 5,0 40-50 pPOXKEBUI
Arpo-Ilom OKpYyTJIa 6,3 70-80 YEPBOHUI
KamoHn ITWTIHAPUYHA 6,0 40-50 KOBTUU
Mapia I1OJIOBKEHO- 4.4 60-70 JKOBTUH
KOHIYHA
CnasBis IIOJIOBKEHO- 8,2 60-70 ’)KOBTO-
KOHIYHA KOPUYHEBUI
Crapmon MOJOBXKEHO- 5,8 60-70 AKOBTUM
KOHIYHA
Onpxu4 IAJIHIPHIHA 6,0 40-50 YKOBTHM
BucHoBkwM.

BenuunHa motomil JUCTKOBOT MOBEPXHI Y MOYATKOBI ()a3d POCTYy 1 PO3BUTKY
pocauH  craHoBwH 1,49-1,76 Trc. M%/ra. 3 miIBUIIEHMMH ITOKa3HUKAMH BiIMi4€HO
y (a3i 3MHKaHHS POCIMH y pAAKy Bim 68,4 mo 45,8 tuc. m*/ra. Toxi, K TMOKa3HUK
(hOTOCMHTETUYHOI'O TMOTEHIIay POCIWH CaMHi BUIUMK y (a3l TeXHIYHOI CTIMKOCTI
KOPEHEIUIOIB i CTAHOBMB B CEPEIHBOMY 3a copTamu Bix 2,010 o 3,233 muH. M? X
ni6/ra. Iloka3HMK 4YHCTOI TPOAYKTHBHOCTI (POTOCHHTE3Y POCIUH 3 BHUCOKHMH
MOKa3HUKAaMH BiIMIU€HO y (a3l 3SMUKaHHS 1 B CEPEIHbOMY 3a COPTaAMU CTAaHOBHUTH BiJ
5,99 no 7,21 r/m? 3a 1o0y.

HarpomamxkenHss cyxoi peyoBHHM Yy  JIHMCTKax OypsKiB  KOPMOBHX
MaKCHMaJIbHOTO 3HaueHHs HaOyBae y (a3l TexHIYHO1 cTUriIocTi. HaliBuIi moKa3HUKH
BigMiueHo y copty Pexopn Ilom bic — 3,64 T/ra 1 copry Anmpa — 3,23 T/ra. 3a
MOpP(}OIOTiYHUMH O3HAKaMU KOPEHEIJIONIB OypsKiB KOpMOBUX Y a3y TeXHIYHOI
CTUTJIOCTI 3a (OPMOIO BHAULIETBCA — IWIHAPUYHA 1 CEPEIHBOI MAaCOI0
KopeHemioay Bix 6,0 10 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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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 1
and II 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: lymphoid 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. Hasedeni pezynomamu O0OCHIONHCEHHS Npenapamie iMyHO-KOPULYBAIbHUX Md
OioyuoHoI Oitl, AKI MONCHA eheKMUBHO BUKOPUCMOBYEAMU 8 YMOBAX NMAXIGHUL020 20CHO0APCMEa
o onmumizayii IMYHHUX NpPoOYecis, NOCUNEHHST NPUPOOHOI Pe3UCMEHMHOCMI Mad IMYHON02IYHOL
PEaKmueHOCmi 3 Memow RNiO8UWEHHsT NPOOYKMUBHOCMI i CMIUKOCMI nmuyi 00 3aX60pPHEAHb.
Bcmanoesneno, wo y oOocnionoi nmuyi 3a KOMOIHO8AHO20 3ACMOCY8AHHA iM CUMOIOMUYHO20
npenapamy «biomaeny 3 Kopmom, npobiomuunozo 3acoby «biozaniny winsixom po3nunienHs i
Komnaekcy Oioyudie «/lionaudy ona cucmemu 600onocmavauus, oesingexyii «bionaioy y ix
NPUCYMHOCMI CRAPUAE KPAUWOMY 3ACE0EHHIO KOMOIKOPMY MAa NOCMYNOBOMY 30i1bUleHHIO MACU Mind
Kypuam, no 6iOHOWeHHI0 00 Koumponto. 3bepescenicmbv nmuyi y ecix epynax 100 %. Ilpu
npPoBedeHHi Namoi020aHamomMiuHoi oyinky 3a0iunux Kypuam-opoinepie kpocy COBB-500, eixom
42 oui konmponavnoi epynu I ma Il docnionux epyn He 6Cmano81eHO BIOXUNEHb 6I0 Qi3ioN02iuHUX
HOpM, 6Ci 00CHIOJCY8aHi Opeanu 30epieana XapakmepHy aHamomiuyny 0y0o8y ¢hizionoziuto
PO36UHEHI BIONOBIOHO 00 BIKY, NOJNOJNCEHHS IX AHAMOMIYHO NPAUIbHE, YINICHICMb 30epediceHa.
Busieneno nacmynwni namanozo-anamomiuni oiacno3u: miokapoiooucmpodhis, 3epHucma oucmpoqis
NeYiHKU, NPOBEHMPUKYLIM, KAMAapaibHull eHmepum, IHE0NIOYIs Oypcu ma 6uloYKo80i 3an03U.
Busieneni sminu y cepyesomy m’a3i, Kypuam KOHMPOAbHOI 2pynu,

Knrouoei cnoea: MiMehOIOHUTL Gonixyn, Kypuama-opoiiiepu, einepniasis,
IMYHOpeaxkmusHicmo, (hepmenmayis.
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Anomauin. B pobomi posensoaromvcsi oKpemi MoMeHmu HeoOXiOHOCMI ma MOAICIUocme
8NP0BAOICYBAMU MA  3ACMOCO8Y8AMU  HOGI  ANbIMEPHAMUBHI  3acobu  8upobImKy  eHepeii.
Bpaxosyrouu matioce nesuuepnHi cupo8uHHi pecypcu, éce Oinvbuie ygazsu 8 c8imi npusepmaroms
biomexnonocii. Ilpacnennss 0o cmanoeo po36UMKY ma CHPUAMIUBL 3MIHU 6 3AKOHOOABCMEL
000amK080 CMUMYNIOIOMb  [HEECMOPI& 6KAAOAMU KOWMU Y CMBOPEHHs Oi0mMexXHON02ITYHUX
yemanogok nomyocnocmeti. OOHi€l0 13 OCHOBHUX chep, WO CHpuse GupiueHHIO npoodiem
bioenepeozabe3neyenns  BUCMYNAE  CIIbCbKe — 20CNO0apcmeo, Oe  8i00y8aAEmMbCs — AKMUBHE
BNPOBAONCEHHS eheKMUBHUX 3aX00i68 nepepoOKU BIONOBIOHUX 8UOI8 DIOMACU 3 MEMOI0 OMPUMAHHSL
NO3UMUBHO20 E€KOHOMIYHO20 U eKON02IYH020 eqhekmy 6i0 8UpobHUYmMEa emepeopecypcis. Memoio
00CNiOJCEHHs € OOIPYHMYBAHHA OOYIIbHOCMI peanizayii npoekmié wo0o 2ceHepayicio enepeii i3
biopecypcie ma noKpawjeHHs eKo102iuHOI cumyayii 6 ceimi.

Knrwwuosi cnoea: ocrosu npoexmysanHs, OI0MeXHONIOCIUHI Npoyecu, MexHIKO-eKOHOMIYHe
00TpynmyeanHs, biomaca, bionaiugo

Beryn.

IIpomiecu cBiTOBOI rioOanizallli MPUHIMIIOBO 3MIHIOE CIIBBITHOIIECHHS MIXK
30BHIIIHIMH 1 BHYTPIITHIMU YMHHUKAMHU CTAJIOr0 po3BUTKY. [Ipu 1iboMy 3’ ABISIOTHCS
HOB1 MOXJIMBOCTI JUIsl TIEpEJIMBaHHS KariTaliB Ta TEXHOJIOTH, MPAaKTUYHO, ¥ OyIb-
AKOMY HarpsiMi Ha 3eMHiH Kyil. CBITOBa €eKOHOMIKA 3a3HA€ 3HAYHUX TpaHchopmarlii,
3YMOBJICHUX HOBOIO XBWJICIO TEXHOJOTIYHMX IHHOBAIl YETBEPTOi MPOMUCIOBOI
peBororlii. Takuii CTPIMKHII PO3BUTOK BUPOOHWUYHMX TEXHOJIOTIH Ta HEOJMIHHE
NparHeHHs A0 iXHBOI €KOJIOTi3allli CTUMYJIOIOTH IMOIIYK HOBHUX JDKEpEN EHEeprii.
3o0kpema, cepen HampsMKIB ajlbTEPHATHUBHOI €HEPTETUKH, BCE OUIBIIOTO PO3BUTKY
HaOyBaloTh O10TEXHOJIOTIUHI (popMHU, IO 0a3yIOThCS HA BHKOPHUCTAHHI, B SKOCTI
BIJIHOBITIOBJILHOTO JDKEpeia €Heprii, B TepIly 4Yepry, OpraHiyHUX pPEYOBHH
TBAPUHHOTO 1 POCIMHHOIO MOXO/KEHHA. 30KpeMa, Taka €Heprisi Moxe OyTu
OTpUMMaHa, SIK 13 OpraHIYHUX BIJIXOJIB, TaK 1 3 MPOJYKTIB POCIUHHUIBKOI Tairy3i
CLIIBCHKOTO TOCTIOIAPCTBA, TaK 3BAHUX, «CHEPTETUIHUX)» POCIIHH.

Pe3ynbpTaT OKpeMUX JOCHIKEHBb [2-5] MaroTh MiJICTaBU CTBEPJKYBaTH, IO
JIOCSITHEHHSI CTaJOr0 PO3BUTKY Ta €KOHOMIYHOI CTIMKOCTI, € 3aJIC)KHUMHU CaMme BiJl
3€JICHOTO €KOHOMIYHOT'O 3pOocTaHHs. B mepiny uepry, 1ie Bii0yBaeThCcs 4epe3 Te, 110
came €KOJIOTIYHO YHUCTI, eHepro30epirarodi iHHOBAIll1, a TAKOK MPArHeHHs 10 CTaJIOro
BUPOOHMIITBA €HEPTii Ta PO3IIMPEHHS €HEPreTHYHOro OajaHCy (3 BUKOPUCTAHHAM
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TEXHOJIOTIM BIAHOBIIOBAHUX JDKEpPEI €HEprii) CTalTh PYIIHHUMU CHJIaMU
3a0e3nedeHHs] 3eJIEHOTO €KOHOMIYHOTo 3pocTtanHs. OcoOnuBa yBara, BCE YacTilIIe,
OPUILISETHCS 3aCTOCYBAaHHIO O10€HEPTeTHMYHUX TEXHOJOriM. 30KpeMa, B CydacHIii
EHepreTuill ocobimMBe  Miclle 3aiimae TmiepepoOka  OiomMacu  (HampuKIa,
CLIbCHKOTOCTIOAAPCHKUX BIJIXO/IIB) Ta 3HE3aPAXKEHUX OPraHIYHUX JOOPUB METAHOBUM
OpOMIHHAM 3 OTPUMaHHIM Oioraszy, Akuil MicTUTh O6au3bko 70 % metaHy. 3 1HIIOTO
00Ky, B CUIBCHKOMY T'OCIIOJIapCTBI OCOOJIMBO Ba)JIMBOIO € yTHJi3alisg OiomacH. 3a
PI3HUMH JIKEepeslaMi MO>KHA KOHCTATYBaTH, 10 Y CBITOBIM MPAKTHIl BIJOMO OJIM3BKO
60 p13HOBHU/IIB 010METAHOBUX €HEPTETUYHUX O10TEXHOJIOTIH [5].

BupoOHUIITBO pI3HUX BHUIIB MajlvMBa 13 OlOMacu ClIbCHKOTOCIIOAAPCHKOTO
MOXO/DKEHHSI — OJWH 3 €(QEeKTUBHHUX CIOCO0IB 11 yTwmi3zalii Ta OIepyBaHHS
HEOOX1THOIO €HEPri€ro 3 BiAHOBIIOBAHUX JKepen. [1oai0H1 TexHoJoril Ta cTpaTerii
BKpail BOXKJIMBI JIJISl KPaiH, IO € 3aJeKHUMH BiJl IMIOPTY NEPBUHHUX €HEPrOHOCIIB.
[loBHOIO MipoOIO, IIe CTOCyeTbCA 1 YKpaiHu, aJke, piBeHb 3a0e3MeueHOCTI
BITUM3HSHUMHU e€Hepropecypcamu ctaHoButh juiie 20-25 %, a craH JOBKLUIA
noTpeOdye HaraJbLHOTO TTOKPAIIIaHHS.

OcCHOBHHUI TEKCT

ITix eKoJOriyHO YHMCTHUMHM TEXHOJIOTISIMH BEJICHHS arpapHoro BHPOOHHUIITBA
BapTO PO3YMITH KOMIUIEKCHI MIIXOJU JO CTaJOr0 BHUKOPUCTAHHS MPUPOIU Ta
MIPUPOJHUX €JIEMEHTIB Ha OJIaro JIFOJWHMA Ta BOJIHOYAC TOJIMIIEHHS CTaHy MPUPOJIH.
HanpaxnuBo, mpu 1bOMy Te, IO PIIIEHHS MarTh OyTH aanToBaHl 10 MiCIIEBHX
notped (HampuKJIaJ, 3aXUCT MICIIEBOIO HACEJIEHHS BiJl MOBEHEW) Ta yMOB JIOBKIJUISA
(HampuKJIIaI, MICIIEBI €KOCUCTEMH, KITiMaT).

Cepen BUpOOHMYMX CEKTOPIB €KOHOMIKM YKpaiHW HAWOUIBIIMM IMOTEHIIIaIoM
Ha/JUICHUH caMe arporpoJOBOJbYMA. 30Kpema, caMe€ B HBOMY BiJ3HAYA€ETHCSA
MOTEHITIaN JIJIsl 3aMiHU BUKOITHOT CUPOBHHH Oiopecypcamu — Outbie 57 % pecypcis
OLIHIOETHCS SIK 3aMiHHI. HacTymHMM B paH3i CEKTOpPIB 13 HaWOUIBIIOI YaCTKOIO
pecypciB, MO MOXYTh OyTH 3aMiHEHI, Ha TyMKYy IOCIIIHHKIB IIbOTO IHUTAHHS, €
cekTop mepepoOHoi mpomucioBocTi (01 48 %). Takoxk B TpiMili MEPCIIEKTUBHUX —
cthepu enepretuku (46 %) Ta TEKCTUIBLHA POMHUCIIOBICTE (45,6 %) [6].

B €Bpomi BupoOHHUITBO eHeprii 3 TBep10i 6ioMacH MOMITHO 3pOCiO 32 OCTaHHI
AECSATUIITTS, JOCATHYBIIM TiKy B 2021 poui piBas B moHay 100 MiiH. METpUYHUX TOH
HagToBOro ekBiBasieHTa. LI pecypcu Oiomacu, B TMeplly 4Yepry, OXOILIIOIOTH
PI3HOMaHITHHIA CTIEKTP MaTepiaiiB arpoMpOMHUCIIOBOI Ta JIicOBOI ramy3eil. 30kpema,
CUpOBHMHA OTpHUMaHa 3 JEpPEeB 1 JICOBHUX 3aJMIIKIB, YaCTO BHKOPHUCTOBYETHCS Y
BUTJIAMI KOJOJ, TPicOK abo TpaHyld. B pOCIMHHMIITBI aKTHBHO KYJIbTHBYIOTHCS
€HEPreTUyH1 — CHeliaJIbHO Yepe3 IXHIO0 BUCOKY YPOXKalHICTh Ta EHEPTeTUYHUN BMICT.
[IpoaykTy TBapWHHOTO TMOXOKEHHS, 30Kpema THIH aisi XyHZoOHu, TaKOX MOXKYTb
OyTu nepepoOIieHi 11 BUpOOHHUIITBA Oi0orasy.

Cektop OlOCHEPreTUKH TAaKOX 3JaTHUM BHUKOPUCTOBYBATU BIAXOAM TS
BUPOOHUIITBA €HEPrii; BKIIOYAIOYM 3BAJMII HUM ra3, TBEpHAl MOOYTOBI BIOAXOAH Ta
ocan criyHux BojA. s kpain €Bpomeiicbkoro Coro3zy 6iomaca 3poOmiia 3HAUHHUN
BHECOK y CEKTOp BIJHOBIIIOBAHOI €HEPTE€TUKU. 3J0KpeMa, TUTbKH 3a 2022 pik, B TaKHii
crnioci0, Oyno BupoOieno 169,4 tepaBar-roa. ejaeKTpOEHEPrii, O CTaJO TPETIM, 3a
oOcsraMu, pKepesioM BiHOBIIFOBAHOT €HEPTii Miciisl BITPOBOT Ta TiapaBiivHoi [7].
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[Toni6Ho mo Giomacu, BUpOOHUIITBO OlomanuBa B kpaiHax €C TakoX CYTTEBO
3pocino. 3a nepion 2000-2022 pp. BumpoOyTOK 3pic 3 12 Tuc. Ha AeHB 10, OIU3BKO 228
THC. OapelniB HaTOBOrO €KBIBAJICHTa Ha JeHb. A CHOXHMBaHHS OlomanvBa st
TpaHcnopTy B €Bporetrickkomy Coro3i mocsarino macmrady B 17,1 MIIH. MEeTpUIHUX
TOH HadTOBOro ekBiBajeHTa. J[lami 3pocranHs mpojomxyBaioca 1 B 2023 p.
BUPOOHMIITBO OiomanmBa CKJIAJIO BXe, Onau3bko 295 THC. OapeniB HapTOBOTO
€KBiBaJieHTa Ha JIeHb, TOOTO, pubIU3HO Ha 1,5 % OlnbIne, HK y TONEPETHHOMY
poui. Onnak, HaiiBuile 3adikcoBaHe 3HaueHHA Oyso nocsruyre y 2019 p. —
BUpOOHUIITBO cTaHOBWIO 300 Tuc. OapeniB HadTOBOro ekBiBajieHTa MOAHSA. B
KOHTEKCT1 COLIaIbHO-€KOHOMIYHOTO BIUIMBY CEKTOPY OloeHepreTuku, y 2022 p. s
CTBOpEHHsI 010Macu 0yJio 3afisiHo 61u3bKko 331,7 Tuc. ocib. [6, 7].

TexHIKO-eKOHOMIYHE OOIPYHTYBaHHS MPOEKTY BHUCTYNA€ TUM BaKJIMBHUM
JIOKYMEHTOM, SIKMi, Ha OCHOBI CHCTEMH TOKa3HUKIB Ta PO3PaxyHKIB J03BOJISIE
BH3HAYaTH €(PEKTHBHICTh BIAMOBIIHUX 1HBECTUIIIMHUX PIIICHh 3a HHUM. 3TiJHO
CTaHJAPTU30BAHOTO MIAXOAY J0 HOro (opMyBaHHS 3aKjIaJieHa MOXJIHUBICTH IS
JIETABHOTO OOTPYHTYBaHHS BIAMOBIJATBHUX MPOCKTHUX PIIIeHb: 3 OYy/IBHUIITBA
MOTY>KHOCTEH, SKOCTI Ta KOHKYPEHTOCTIPOMOXKHOCTI MPOAYKIIii, BAPTOCTI MPOCKTY Ta
BU3HAYCHHS TEXHIKO-€KOHOMIUYHUX TMOKa3HHUKIB €(EKTUBHOCTI, OI[IHKH BIUIMBY Ha
HABKOJIUIITHE CEPEIOBUIIE Ta 1H.

B pamkax meprioueproBoi Aii mpu po3poOili Ta peanizailii IpoeKTy Ha 3acajiax
O010TEXHOJIOTTYHOTO BUPOOHMIITBA, JOLUIBHO YITKO BHU3HAYUTU HOTO KIOYOBI
€JIEMEHTH: €TalMu JIsUIbHOCTI, HalpsIMKKA Ta JpKepena (IHAHCYBaHHSA, a TaKOX
CKJIJI0B1 YCIIXy 010T€XHOJOTTYHOTO MPOEKTY (PUCYHOK 1).

IligroToEka IInauyeanua bizHec- DarTHUHE CTREOPEHHA WOpaETiHEA T
oo OpOEKTY OpoIECIE NPOEKTY (EYMEBHHITES) IpoEKTY MOHITOPHHT OpOEKTY

Cmpyvrcpnipa mia Oxcepene QIHAHCVERHMA 30 SRIARLME HPOSKIY

Ao §og Ao 59 aﬂjﬂ% da 0%
EnacHE kotmid f xpedumu / EAGCH] Kot £ KpPedLim
SRR inger ML e EEER

Pucynok 1 — Cxema eramiB i 1axepes1 (piHAaHCYBaHHA 010TE€XHOJIOTTYHOIO MPOEKTY
IDicepeno: asmopcora pospodka 3a oanumu [6, 7]

KirogoBuMH  COI1aJIbHO-€KOJIOTO-EKOHOMIYHUMH ~ OpIEHTHpaMHu  (LIJISIMH)
pO3poOKKM Ta peamizaiii MpPOEKTy, Hamnpukiaang, B cdepl OI0CHEPreTUYHOTO
3a0e3neyeHHs OyayTh BUCTYIIATH HACTYIIHI:

» 3MCHIIINTH CIOXHBAHHA TPAIUIIMHAX PECypCiB 3a pPaxyHOK 3aMillleHHS

0101aJIUBOM;

» 30UTBIIUTH 0OCSITH BUPOOHUIITBA TEILIOBOI €HEeprii 3 GiomacH;

» MOJICpHi3yBaTH 00JIaITHAHHS 3 MOXKJIMBICTIO BHKOPUCTAHHS 010TIaJINBA;

» YTUIi3yBaTH BiIXOIM BUPOOHUIITBA 3 OTPUMAHHSIM KOPHCHOI €HEprii;

» 3MCHIIIUTH COOIBapTICTh BUPOOHHWIITBA TEIUIOBOI €HEprii 3a paxyHOK

BUKOpPHUCTaHHA 010MaNBa;
» 30UIBIIUTH KUTBKICTh CTIOKUBAYIB TETJIOBOI €HEPTii;
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» 3MEHIINTH BUKHIM TAPHUKOBHX Ta3iB;

» CTBOPHUTH HOBI p00OOYi MICIIS HA ITiIIPHEMCTBI Ta 1H.

biorexHonoriuna nepepoOka € KIIOUOBUM acCHEKTOM 3a0€3MEeUeHHS CTaloCTi
E€KOHOMIKM B paMKaxX BIAMmoBigHOI cTpaterii €Bpomeiicbkkoro Corwo3y. B 1mpomy
KOHTEKCTI, caMe 3ejieHa €KOHOMIKa, 110 CIpsSIMOBaHa Ha MIABHUILEHHS J00poOyTy
J0Ael Ta colialibHy pIBHICTb, OJHOYACHO 3MEHIIYIOYM EKOJIOTIYHI 3arpo3u Ta
nedImUT TPUPOJHUX PECYPCIB, aKTHUBHO BIPOBAIKYE B ce0E PO3BUTOK YHCTHUX,
BI/IHOBJIIOBAaHUX O1OTEXHOJIOTTYHUX TeXHOJOorid. CTanuil pO3BUTOK EKOHOMIKH
BKIIIoYae B cebe He JHIle pPO3BUTOK YHCTUX CHEPreTMYHUX TEXHOJOTi Ta
eHeproe()eKTUBHOCTI, ajie i BIPOBAKEHHS CTAJOr0 CIOKUBAaHHS Ta BUPOOHHUIITBA,
IHTErpoOBaHOI MPOIYKTOBOI TMOJITHKH, 3€JICHUX ACPKaBHUX 3aKyIiBENb, CTBOPEHHS
3eJIEHUX poOOYMX MICIb Ta MPOEKOJOriyHoi (ickanbHOi pedopmu. Lle n03BOMUTH
3a0€3Ne4YnTH CTAOUIbHICTh €KOJIOTIYHO YMCTUX OI0TEXHOJIOTIN Ta CIpUSATUME OLIbII
CTaJOMy PO3BUTKY [8].

OTxe, BUKOPUCTaHHS €KOJOTIYHO YHCTUX TEXHOJOTIH MJiSIIbHOCTI, IO
0a3yl0TbcA Ha MPUNUHATTI MPUPOJI0-OPIEHTOBAHUX PIIIEHh B arpapHii cdepi — 1e
peasizallis 3aX0/11B, 3aCHOBAaHUX Ha MPUPOJHUX Mporecax. Taki pireHHs 0a3yrThCs
Ha TOMy, IO MNpUPOJa BUKOPUCTOBYE CUIY (YHKLIOHYIOUMX EKOCHCTEM SIK
1HOpaCcTPyKTYpy MJid HaJaHHS EKOCHCTEMHUX IIOCIYr Ha KOPUCTh CYO’€KTIB
arpapHoro BUPOOHUIITBA, CyCHUIbCTBA Ta JTOBKIJLIAL.

B nonituii UMPKYISIPHOI €KOHOMIKHM LEHTpalbHA POJIb Y MPOLEC] TPUINHATTS
pilIeHb BIIBOJUTHCA €(PEKTUBHOMY BHUKOPHUCTAHHIO pecypciB — 3a0e3ledeHHs
J0JIaHO1 BApTOCTI 3 OUIBII TPUBAJIUM Ta MOBTOPHUM BHUKOPUCTAaHHSAM pecypciB. B
TaKOMY pa3l, 3SMEHIIYEThCS KIJIBKICTh BIIXO/IB, 3HIXKYETHCS MOMUT Ha pecypcu (Taki
K BOJA, BUKOITHE MaJIMBO 1 €HEPris), MIJIBUILYETHCS €(PEKTUBHICTh 1 3MEHIIYIOThCS
3arpatu. BukopuctanHs OlomMacu Mae€ 3HAYHUM MOTEHL1a]d BUPOOHMIITBA TeIUia Ta
€JIEKTPOCHEPTii 3aBJSKM HAsIBHUM 3ajJMIIKaM POCIMHHULTBA Ta TBApUHHMUIITBA Y
CUIbCBKOMY TOCIOAAPCTBI, CHPUSTIMBUM KIIMaTUYHUM yMOBaM, HAasBHICTIO
CLIbCHKOTOCTIOAAPCHKUX YT1/lb, BIIHOCHO HEIOPOTOI0 pOOOYOI0 CHIIOK Ta BEJIMKOIO
KUTBKICTIO TIOJIITOHIB TBEPAUX MOOYTOBUX BIIXOIB.

VY 6iomaci HaKOMUYY€EThCS IEPBUHHA COHSYHA €HEPTisl IPU 3POCTAaHHI POCIHH, a
1Ie O3Hayae, M0 MEPIIOHKEPEIO BHYTPINIHBOI eHeprii 0l0Macu — BUIIPOMIHIOBAHHS
Conus. PociunaHa Glomaca — ofHE 3 HAWBAXKIMBIIIMX €KOJIOTTYHO YUCTHX JKEpEll
e”eprii 3emii. Bona yTBoproeTbest mpu POTOCUHTE31 3 JIOKCUAY BYTJICIIO Ta BOAU 3
BUJUICHHAM KUCHIO. [Ipu yTBOpeHH1 1 KT pocinHHOI 610MacH MOTJIMHAETHCS OJIM3BKO
1,83 kT gioKCUAy BYTJICIIO 1 CTIIBKH K BUAUISETHCS TIPH 11 pO3KIIagaHHl (OKHCICHHI
Ta ropinHi). OTxe, BMICT A10KCHy BYTJIEIIO B aTMOC(eEpi 3aTUIIA€THCA HE3MIHHUM.
Kpim Toro, npu cnamoBaHHi 0i0MacH BUAUIAETHCS HAbaraTo MEHIIE CIPKU Ta 307U,
HDK TpU CHATIOBaHHI, HalpHKIal, ByruuUis. BHecena y IpyHT 30ja BiJ crmajieHOi
0ioMacu Ciy)XUTb JTOOPUBOM, CIpHsE€ 3POCTaHHIO Ta PO3BUTKY pociuH. OTxke, BCl
MPOIIECH, BiJI POCTY POCIMH JO pPI3HUX IEPETBOPEHb OloMacH, € MPUPOJTHUM
0€3B1AX0THUM KPYroooirom 010reHHUX PedoBUH y Oiocdepi.

B koHTEKcTI BU3HAYEHHS JOILIBHOCTI peasizalii npoeKkTiB 010TEXHOJOTTYHOTO
BUPOOHUIITBA, B TIEPIITY YEPry, BApTO 3BaKATH HA JOBOJI MEPCICKTUBHUN HATIPSIMOK
BUKOPUCTAaHHA OloMacu — BHUPOOHULTBO OloeTaHony 1 Oioauzens. 3a3HadeHl
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€KOJIOT1YHI TajauBa 3 MPOAYKIi arpapHoi chepu TrocrnofaproBaHHsS € OCOOJHMBO
npuBaOJIUBUMU B YaCH €HEPTETHUYHOT 3aJIEKHOCTI Ta EKOHOMIYHUX KPH3.

bioeranon — 1me 00€3BOJHEHWN €TWUJIOBUH CHUPT 13 CYNMyTHIMH JOMIIIKaMH,
BUpOoOJeHui 13 Oiomacu Ta/abo OlOJIOTIYHO PO3KIATHUX KOMIOHEHTIB. [lo
HAWUNOIIUPEHIIIUX CUPOBUHHUX JDKEpeN BHUPOOHHITBA 010€TaHOYy BapTO BITHECTH
HACTYTHI: IIyKpOBa TPOCTHHA, MeJsica, IlyKpoBHuil Oypsk Ta 3epHo (90 % Kykypyma3a).
JloCUTh BOXITMBUM €KOJIOTIYHUM YHHHUKOM, MPU IIbOMY, € TOU (akT, 1mo 010eTaHo,
MPaKTUYHO, HEUTPATLHUMN 111010 BUKU/IIB TAPHUKOBUX Ta31B 1 BIAPIZHAETHCS TUM, 11O
ckopouye ix 1m0 75 %, y MOpIBHSHHI 3 MIHEPAJIbHUM TAJUBOM. 3a JaHUMH
MDKHapOJIHUX Jukepel, B 2022 pori OioetaHos 3amiityBaB Outbiie 11 % OeH3uHiB, a
10 2030 p. uel noka3HUK Mae TOCArTH 3Ha4eHHs B 14 % [7].

JI0o OCHOBHUX €KOHOMIYHHX I€peBar BUPOOHUITBA O10€TAHOIY BAPTO BIJHECTH
HAaCTyIHE: CTa0lUIbHO 3pPOCTAIOYMM PUHKOBUHM MOMUT, MIBUAKA OOOPOTHICTH (IO 5
JTHIB), BHCOKAa PEHTA0EIhHICTh BUPOOHUIITB K caMoro Oioetanonmy — 35 %, Tak i
cyonponyktiB (CO2, CHa) — Oinpmie 100 %. Ilpouec BupoOHHUIITBA Oi0€TaHOIY
cipusie TpaHchopMaIifHOMy MEepEeXoJI0Bl JO 3aCTOCYBAHHS BIHOBIIIOBAHUX JKEPEI
€Heprii, CTUMYJIOIYM PO3BUTOK arpapHOTO CEKTOpa EKOHOMIKH, TiABUIIYIOYH
€KOJIOT1YHY Ta EHEPreTUYHy Oe3MeKy BIAMOBIIHUX BUPOOHUIITB.

bioguzens (mu3envhe OionanuBo, Ci3 Hys ) — ckimaguuii metwinoBuid edip, 1mo
MOKe OyTH OTpHUMaHUH 13 01l POCIUHHOTO ab0 TBAPUHHOTO MOXO/KEHHS. B ocHOBI
HOTr0 BUPOOHHUIITBA — CYMIIlI MOHOAJKUIBHUX €(ipiB KUPHUX KHUCJIOT. [Ipu 1mipomy,
HalyacTilie, BUKOPUCTOBYIOTh COHSIITHUKOBY, PaIiCoBY, JUISSHY Ta 1HII POCIHHHI
omi. ONTUMaJILHOK CHUPOBHHOK € CUIBCHKOTOCIOJApChKa KYJbTypa pilak, ajpke
BIJICOTOK BHMXOJy IM3E€JIbHOrO majuBa 3 1 T HWoro omii gocsirae 96 %. 3 mosuiii
oprasizailii TEXHOJOIIH CLILCHKOIOCIOJAPCHKOTO BUPOOHMIITBA — pINaK 1JealibHa
KyJbTypa [Jsi CIBO3MIHU 3 IIICHUIIEIO. Horo BHUPOIITYBaHHS JI03BOJISIE J100pe
CTPYKTYpyBaTH TIPYHT, BHACIIJJOK YOTO YPOXKAWHICTh 3€PHOBHUX KYJBTYp-
MTOCTIIJOBHUKIB, MOXe 3poctatu 10 10-15 m/ra.

TexHiKO-eKOHOMIYHUI aHalll3 MPOEKTY IMOJSAra€ y BHSIBICHHI MOXIMBUX
pillieHb, IO MalwTh OyTH peali3oBaHl, 30KpeMa, 3 YypaxXyBaHHSIM TEXHIYHOI,
€KOHOMIYHO1, €KOJIOTIYHOI Ta THCTUTYIINHOI JOIUIBHOCTI. 3a pe3yiabTaTaMu TaKOro
aHaiizy € MOXIJIUBUM (OpPMYyBaTH Ta OCHOBHI TPOEKTHI PINICHHS; BHU3HAYATH
MOTY>KHICTh BUPOOHHUIITBA; YIIPABIISITH HOMEHKIIATYPOIO Ta SKICTIO MPOIYKIIi; 10aTH
Mpo HaJe)kHEe 3a0e3MeyYeHHs CHUPOBUHOIO, Marepiaiamu, HamniBpaOpukaTamu,
MAJTMBOM, €JIEKTPO- Ta TETNIOCHEPTi€r0, BOJOO 1 TPYIOBUMH pecypcaMu; BIUTMBATH Ha
BapTICTh OYyAIBHUIITBA Ta OCHOBHI TEXHIKO-€KOHOMIUHI TIOKa3HWKHU; HaJaBaTH
BCEOIUHY OIlIHKAa BIUIMBIB IUIAHOBAHO! JISJIBHOCTI Ha CTaH HAaBKOJIMIIIHLOTO
CepeIOBHIIIA.

[Ipn mnpoexkTyBaHHS TaKOXX Ba)XJIMBO BPaxOBYBAaTH HasBHI Ta MOTEHIIIHI
OOMEKEHHS, 10 MOXYTh MPSMO YM OINOCEPEIKOBAaHO BIUIMBATH Ha pe3ynbrar. [o
TaKUX BapTO BiHECTH: (PIHAHCOBO-EKOHOMIYHI, YacOBi, COIliaJibHI, OpraHi3aliiHo-
TEXHIYHI Ta €KOJIOT14HI 0OMEXKYI0Ul YNHHUKH BIUIUBY.

[Topyd 3 nMM KOXEH TaKUH TMPOEKT peai3yeThCs B paMKaxX ICHYBaHHSA Ta
MOTCHI[IHHOTO TIPOSIBY TIEBHOTO  CIEKTPY PHU3WKIB: TMPABOBHX, PHUHKOBUX,
aJIMiHICTPATUBHUX, IPOEKTHUX, (PIHAHCOBUX, ONIEPALlIiHUX Ta 1HIIHX.
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B yMmoBax pHHKOBOi €KOHOMIKM, BHU3HAaYaJIbHUM MOMEHTOM  CTalOTh
OTIEPATHUBHICTh Ta TOYHICTh OIIIHKH JOMUTBHOCTI (€()eKTUBHOCTI) O10TEXHOJIOTTYHOTO
npoekty. JlJis JOCATHEHHS Ili€l METH TNPOEKTYBAHHS MOKHA 3aCTOCYBAaTH ILJIHIA
CHEKTP PI3HOMAHITHUX METO/IIB, III0 MOXHA 00’ €THATH B HACTYITHI CHCTEMHI BUJIN:

1) piHaHCOBO-€KOHOMIYHOI OLIIHKH MPOEKTY (CTaTUYH1, TUHAMIYHI);

2) aHami3y e(QEeKTUBHOCTI MPOEKTy (BUTpAT 1 BUTIA, MYJIbTUKpUTEpiaIbHUN

aHai3, epeKTUBHOCTI, MiHIMI3aIlil Y4 KOPUCHOCT1 BUTPAT).

BucHoBkm.

B skocTi miACYMKIB JOCHIDKEHHS aKTYaJlbHOCTI Ta KJIIOUOBHMX AaCIEKTIB
MPOEKTYBaHHS OIOTEXHOJIOTIYHOTO BHUPOOHUIITBA, HA MPUKIAAl BUKOPUCTAHHS
CUPOBMHU arpapHoi cdepu rocrnojaproBaHHs, OI[IHUMO IUTIOCH W MIHYCH
BUKOPHUCTaHHS 010MacH SIK EHEPreTUYHOIO Pecypcy.

J10 OCHOBHUX HEJOJIIKIB 010MacH, SIK JKepena il OTpUMaHHs 010€HEepPreTUYHO1
MPOJTIYKIIii, MOHA BITHECTH HACTYIIHI:

— II6 CHpPOBMHA 3 HIXYOK TEIUIOTBOPHOI 3aTHICTIO, HIDXK BYTUUIA 4YH
MPUPOHUH Ta3;

— BHACIIJIOK CTaMIOBaHHS 0lOMacHu B KOTJIaX yTBOPIOETHCS BENIMKAa KUIBKICTh
30J11, TOMY ONAJIIOBAJIbHY CUCTEMY JOBOJUTHCS MOCTIHHO OUULIATH;

— TIEJIETH, TPICKY YU COJIOMY Tpeba 30epiraTu HaJIe)KHUM YMHOM, 1HAKIIIE BOHU
IIBUIKO BOMPAIOTH BOJIOTY Ta BTpavyaroTh €(hDeKTUBHICTD;

— I[IHA CUPOBHUHM JJI1 BUPOOHHUIITBA OiOMAacu 3pOCTa€ BHACIIIOK IiJIBUIICHHS
I[IH Ha €HEPrOHOCII.

OcHoOBHI niepeBaru 6ioMacu:

v He mnorpedye BumoOyTky 1 € 100-BiZCOTKOBMM BiHOBIIIOBAJILHUM Ta
3araJlbHOJIOCTYITHUM PECYPCOM;

v/ yTBOPIOETHCS BHACIIIOK YTHII3alii MOOYTOBHUX BiIXOMIB YM E€KCKPEMCHTIB
TBAapWH, TOOTO Martepiaay, TUCAYl TOH SIKOTO HIOJIHS BUPOOJISIETHCA Y BChOMY
CBITI;

v’ Mae IpupoIHe MOXOHKEHHS, a TOMY 0i0JOriuHi BiIX0AM He 3aBIA0Th MIKOAH
HABKOJIMITHROMY CEpPEIOBHUIILY, a OTpUMaHa 3 HUX 30JIa — YyJI0BE OpTaHiuHe
JT0OpPHUBO;

v MOXHa €KOJIOITYHO BUPOOIIATH 3 BiAXOIiB 0OpOOKHU IEPEBUHM;

v/ LiHHe JpKepeno OiomanuBa — CIHElialbHI €HEpreTHYHi KyIbTypH, L0 iX
BUPOIIYIOTh Ha MyCTUPSIX a00 Ha OE3IUTITHUX MOCTIHIYCTPlaJbHUX IPYHTAX;

v/ IIBUIKOPOCII BHIM POCIHH (Bepba abo TOmiHaMOyp) BHKOPHCTOBYIOTHCS SIK
CHUpOBMHA JJIi BUPOOHUIITBA OlomanuBa, MPU ILOMY BUPOOJIAIOTH KHCEHb 1
MOKPAIIYIOTh CTaH IPYHTIB.

Orxe, 6lomaca — OMH 13 HAMMEPCHEKTUBHIMIMX BHJIIB CUPOBHHH, 0€3 SIKOTO

CKJIQ/IHO YSIBUTH Cy4acCHY CBITOBY €HEPI€THKY.

Jliteparypa:
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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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Anomauia Cmamms npucesdena NOULYKY HAUuOLIbul egheKmueHomy memooy 3HeOONeHHS Y
nayicHmie 3 pakom mila MAamiKu, 3 Memol ONMuMizayii BUKOPUCMAHHSI MYTbMUMOOATbHOL
MAKMUKU aHecme3ionociuno2o 3abesneuumu, sKe O O0ONOMO2NIO NOKpawumu nicisonepayitine
BIOHOBNEHHS MA 3MEHWUMU KLIbKICMb YCKIAOHEHb.

Oyinusuiu 00c8i0 AKUL MU OMPUMANY NPU NPOBEOEHHS AHECMe3i0N02IUH020 3abe3neyeH s MU
NOPIBHAIU eheKMUBHICTNb MYTbMUMOOAIbHO20 NIOX00Y, wo € komnonenmom ERAS cmpamezii, i3
BUKOPUCMAHHAM  IHeanAyitHOl anecme3ii ma enidypanvHoi awnaneesii, nepeo 3a2albHON0
IHeANAYINHOW anecme3iclo Oe3 peciOHANbHUX Memo0ié 3HeDO0N08anHs. A maKodic OYiHUIU GNIUG
MYTbMUMOOANbHOI MAKMUKU U000 KOHMPOTIO NICIA0NEPayitiHo2o 00110 ma weUuoKOCmi 00YHCAHHS
Y nayienmie, AKUM NPOBOOUNU eKCTMUPNAYilo MAMKU Y 368 A3KY 3 pakom miia mamxu. Hamu 6yno
docrnidaceno 87 xeopux dicinox i3 diacnozom Cr corporis uteri. I pyna I (n=44) euxopucmosysascs
MYTbMUMOOANbHIU NIOXIO MA 3ACMOCO8Y8ANACH THEANAYINUHA aHecmesis ma enioypaibHa aHa2esis,
a epyna Il (n=43) ompumana ineanayiiny anecmesito 6e3 3aCMOCYBAHHA PECIOHANbHUX MemOodis
3Hebonosanns. OyiHKy 00110 NPoGOOUNU 6CIM NAYIEHMAM WOOHS Ni0 Yac 6iONOYUHKY Mda
AKMUBHOCMI 8 NICAAONePayitini OHi 00 BUNUCKU 3 NANAMU 3d OONOMO2OK YUCT0B0I OYIHOUHOL
wKanu 607110, MAaKodc OYIHI0BANU KINbKICMb ONIOIOH020 3HEeDON08AHHA MA Yac nepebdy8aHHs Y
KIiHiYyi. Bionogiono 0o 3anucieé 1ucmieé npusHayeHv y NICAAONEPayitiHoMy nepiodi CHO*CUBAHHSL
onioidie uepez 24 2o0unu nicisi onepayii Oy10 3HAYHO HUNCUUM Y CMAHOAPMU3Z08AHIL CepeoHill
pisnuyi epynu 1 axa ompumysana 0Oesnepepeny enioypanvHy ingysito 0,25% oOynieakainy 3i
weuoxicmio 5.2 +/— 2,4 mn na eoouny (P<0,001). Bynu eiomiueni Oesiki IOMIHHOCMI U000
mpusanocmi nepedy8awHs 6 cmayioHapi, eapiabenbHOCmi nepionepayiuHoco apmepialbHO20
MUCKy, i yacmomu nepionepayiiuHux 2emMOOUHAMIYHUX YCKAAOHeHb. Mynbmumooanvha anecmesis
ma nicasonepayiina enioypaibhHa auvaneesis Kpawe 3a0e3neyyoms KOHmpoib NiCisonepayitino2o
OiNI0 NOPIBHAHO 13 3A2ANILHOI0 AHECMEe3ICI0 MA CUCINEMHOI0 AHAN2e3IEl0, 3 NOOIOHUM 6NIUBOM HA
2eMOOUHamMiuHull cmamyc. Jlanutl memoo 3abe3neuye a0eKk8amHull aHecme3ion02ivHull 3axXucm ma
KOM@OpmHI yMO8U OJ1s1 NAYiEHMa Nio Yac JiKY8aHHs, 34 PAXYHOK 3MEeHUleHHs 001b08UX GIO4UYMMIE
nicns onepayii, 3HUNCYE nompedy V HAPKOMUYHUX AHANb2eMUKAX Md NPUCKOPIOE Npoyec
00VHCAHHSL.

Knruoei cnosa: mynomumooanvrua anecmesis, enioypaibHa anane3is, paxk miia Mamxu

Beryn Ilicms  myOmikarmii  opuriHanbHHX — pexkomeHpariii  ToBapuctBa
MOKpaIieHoro BimHoBIeHHs micis oneparlii (ERAS) nns riHekonoridyHoi OHKOJIOTIT B
2016 pomi [ 1,2 ] 1 mepmoro oHosyienHst B 2019 pomi [ 3 | HemoaaBHii MeTa-aHai3
3po0OMB BHCHOBOK, 110 3acTocyBaHHs ERAS crparerii B TiHEKOJIOTIUHIM OHKOJIOTIT
CIpus€ 3MEHILIEHHIO TPUBAJIOCTI epedyBanHs xBopux B jgikapai (LOS) na 1,6 ans,
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ckopoueHHs1 Ha 32% micisonepaniiHux yckiaaaHeHb, 20% 3HUXKEHHS MOBTOPHOI
rocmiTaizarii, BiACYyTHICTh 3MiH y 30-IeHHIN micisorepamiiHiii cmepTHOCTI [ 4 ].
[pyHTyrounch Ha 1MX J0Ka3ax, ERAS Temep Mae craTu CTaHAApTOM JiKyBaHHS B
Hammii ramysi. [Ipote € kimbka HEmoAaBHIX MyOiKaIiid, B SKUX OYJIO TOCHIIKEHO
nommpenHs ERAS B rinekosoriuHii OHKOJIOTII MO ycboMy CBITI [ 5 ]. Pesynbratu
MOKa3yl0Th, 10, HE3Ba)Xar0YM Ha BCI 3ycwiuisg, Oarato pexkomenmamiin ERAS
3aJUIIAI0THCS] TIOTAHO TOTPUMaHUMU, a Oap’epu 1s BripoBakeHHs ERAS Bce mie
3aJIMIIAI0THCS.

Kiro4oBi myHKTH MPOTOKOJY paHHBOI peadiiTaiii BKIHOYAIOTh J0OoMepariiny
poiH(OPMOBaHICTh TalllEHTa, CKOPOUCHHS Yacy IepeoneparifiHoro rojaoyBaHHs,
BYIJIEBOJHE HaBaHTAXKEHHS 3a 2 TOAMHM JO Olepalli, CTaHJapTU3alll0 CXEeM
aHecTe3li Ta MICJISIONEPAIlifHOTO 3HEO0OIOBaHHS (BUKOPHUCTAHHS perioHapHHUX
METOJIMK, MYJIbTUMOJAIbHY aHECTE3110 Ta HEOIIOiHY aHaIre3il0), a TaKOXK PaHHIO
MOOLTI3aIlII0 Ta eHTepaibHe XapuyBaHHA [6]. OueBHIIHO, IO IIi K METOIU MOXKYTh
OyTH BUKOPHUCTaHI JJIs IIBUIKOTO BITHOBJICHHS Ta 3HIKCHHS MOTPEOH y TPUBATIOMY
MOHITOPUHTY Ta 4aci mepeOyBaHHs B CTAIIOHAP] 1 IPH TAKUX BEIMKHUX OINEPAIlifiX, K
ricrepekTomis [7].

HenocrtaTHe  KOHTpONIOBAaHHS  MepeomepariiHoro  OONI0  3aJHINAETHCS
npoOemMoro npotenep. Pesynbrat ABOX BEMMKUX MOCHIKEeHb, TpoBeneHux y CIIIA,
BKa3yloTh Ha Te, mo 70-83% mamieHTiB TepnUTh Ol MPOTATOM 2 THXKHIB MICIHA
Xipypriuuoi omepariii. 3HMWKEHHS BIAYYTTS  OOJII0 € IHTErpajJibHOK YaCTHHOKO
IIOJICHHOTO XIPYPriyHOr0 JKYBaHHS, OCKUIBKHM HE€ TIJIBKM MIHIMI3Y€E TEpIiHHS
nali€eHTa, MOKpallye SKICTb HOTO JKHUTTS, 3MEHIIye IepeOyBaHHs Talli€eHTa y
IIuTagl, a ¥ 3MeHInye (iHAHCOBI 3aTpaTH Ha JIKyBaHHs. OnTuMiszallisl JIIKyBaHHS
XBOPUX SIKI CTPaKJIAIOTh HaA IIOCTIMHE BITYYTTS OO0 3aJeKUTh BiJ KIJIBKOX
YUHHUKIB: BIJl OpraHi3alii ciIiy>K0u JiKyBaHHS FOCTpOro OO0, HaBYaHHS TAIlIEHTIB,
Bil PETyJSpHOrO  MIiJBHUINCHHS  KBamidikaiii  TepcoHaly, 3aCTOCYBaHHS
MYJIBTUMOJIATTBLHOT aHanre3ii  [8].

He Bapto 3a0yBatu mpo Oinb, SKUH CYNpPOBOKY€E NAIlEHTIB TiA Yac
XIpypridyHOTO JIIKYyBaHHA. 3 MOSBOI0 HOBUX 3HEOOJIOBAJbHUX IpenapariB, 3aco0iB
3HEO0OJIEHHSI Ta TEXHOJOTIH JOCTaBKM aHECTETHKIB 1 aHaJbI€TUKIB 3HAYHO 3POCIH
MO>KJIUBOCTI MEIULIMHU Y JIIKYBaHHI OO0 Ta MATOJOTIYHHUX MPOLIECIB, CIIPUYUHEHUX
XipypriyHoro TpaBmMow. OgHUM 13 AecsaTh 0a30BUX IpaB, MOB'S3aHUX 13 0€3MEKOI0
Maii€eHTa, € NMpaBO Ha YCYHEHHs IMicisionepaliiiHoro 00Jito, M0 3aTBEP/KEHO B
['enbciHChbKIN Aekapaiiii. 3aBIsSKH BU3HAHHIO Y CBITI BaXJIMBOCTI Ta YCBIAOMJICHHIO
HEJIOOLIHKU Tpo0JieM, MOB’A3aHUX 13 TOCTPUM OOJieM, 32 OCTaHHI TPUALSTH POKIB
OyJIO 3ampoOINOHOBAHO MPHUHIMIIOBO HOBI MIAXOAU Ta PO3POOJICHO 1 aJanTOBaHO
HalllOHAJIbH1 TPOTOKOJIM 100 KOHTPOJIIO0 OO0 13 O3UIIIT 10KA30BOi MEAUITUHU [9].

[TokpamienHss XipypriyHoi Ta aHECTE310JI0rIYHOI  TEXHIKH, Cy4acHOTO
MEIUKAaMEHTO3HOTO 3a0e3nedyeHHs, YAOCKOHAJICHHS NePHUOTIEPaIIfTHOTO
aHECTE310JIOTIYHOTO MEHE/KMEHTY 3a0e3Meumiii SK PO3IIUPEHHS TOKa3aHb 0
XIpypriuHOTO JIIKYBaHHS XBOPHUX 13 3JIOSIKICHUMH HOBOYTBOPEHHSMHM MAaTKH, TakK 1
CHPHUSATIIMBUI Tiepedir mepuornepariiinoro nepiogy. [lpu npoMy ycmix XipypriyHoro
JIKyBaHHS MAIlIEHTIB 3 PaKkoOM Tila MAaTKU 3yMOBJICHHM Hacamrmepell ONTHMI3alli€ro
MporpamMu MepeIonepaIiitHol MAroTOBKU Ta aHECTe310JI0TTYHOro 3a0e3nedeHHs [10].

ISSN 2567-5273 85 www.moderntechno.de


https://www.gynecologiconcology-online.net/article/S0090-8258(23)00180-4/fulltext

Modern engineering and innovative technologies Issue 36 / Part 3

HeedexktuBHe JiKyBaHHS  miciasonepaiifHOro OOJII0  CYNPOBOIKYEThCS
301TbIICHHAM KaTaOomi3My Ta MmOTpeOM y KHCHI Mmichs omepamii iMMmoOimi3arii,
YHOBITbHEHHSIM (DYHKIIIOHATHLHOTO BITHOBJICHHS TAIlI€HTA, MTOCIA0JICHHSIM KUIITKOBO1
MEePUCTANBTUKHU, 3POCTAE PIBEHb PECHIPATOPHUX Ta CEPIIEBO-CYIUHUX YCKIAIHECHb,
10 MPUBOAUTH /10 30UIBIICHHS] CMEPTHOCTI y paHHbOMY Ta BijgganeHomy (30 mo6oBa
JIETANBHICTH) MiCISIONIepaIlifHOMY MEep101 OHKOXIpYpridyHuX XBopux [11].

Takum dYwHOM, ISl SAKICHOTO, OE3MEYHOr0 Ta MAaKCUMAJIbHO IIBHIKOTO
JIKyBaHHS TAII€EHTIB 3 BaXXKUM NMpeMopOigHuM GoHOM HeoOXiaHa 30aaHcoBaHa Ta
y3rojpkeHa poOoTa BCiX YYAaCHMKIB Yy JIIKyBaHHI MallieHTa criBpoOiTHUKIB. CydacHi
TEXHOJIOTIi XIpypriuHOro 3a0ecreyeHHs, B OCHOB1 fKOI JISKUTh MYJIbTHMOJabHA
aHajres3is, BUXOJWTh Ha MEPIIMHA TIUIaH 1B 3arajbHiil Xipyprii, 1B OHKOXIpYprii,
OCKUIbKH JI03BOJISIE HE JIMIIE 3MEHIIMTH Oulb 0e3 BUKOPHUCTAHHS OMIOidiB, a i
MPUCKOPUTU BIJTHOBJICHHS MAaIll€EHTa 3a MIHIMAJIbHOI KiJIBKOCTI MOOIYHHUX €(EKTiB.
Taka KoHIEMIS BEASHHS MaImieHTIB Oyia po3pobieHa Ta OTpUMalla Ha3BY
«mpucCKopeHa pealbimiTamis micis xipypriunoro mikyBaHHs» (Enhanced Recovery
After Surgery — ERAS), a6o «mpuckopene BigHoBieHHs » (Fast-track surgery) [12].

MeTta J0CJTiI:KeHHsI: TIOpPIBHATH Ta OI[IHATH BIUIMB JBOX METO/IIB
aHECTE310JI0TIYHOTO 3a0€3MeUeHHs MPHU eKCTHUPIIAIlii MaTKH 3 TOAATKaMHU y 3B’SI3KY 3
PaKoOM Tijla MaTKH, Ha XapaKTep MICISONepaIiitHOro 3HEOO0IEHHS Ta BITIYTTS 0OJTIO.

O0’exTH i METOAU AOCTITKEHHS

JlocipKyBaHHS sIK€ TIPOBOJAMIIOCH BIAMOBINANIO €TUYHUM CTaHIapTaM HaIloi
yYCTAaHOBU MO0 TAaIll€HTIB, a TakoX [enbciHChKOI Aekiapariii. Habip mnarieHTiB
PO3MOYaIy il Yac MepeaorepaliiiHoro Bi3UTy 10 YHIBEPCUTETChKO1 KiiHIKH. [lo
JTOCITDKeHHST OyJ0 BKJIIOYEHO 87 TIHEKOJOTIYHMX XBOPHUX SIKUM OyJia BUKOHaHa
eKCTUpMHaIlisg MaTKu 3 MPUJIATKAaMU y 3B’SI3KY 3 pPaKoM TiJIa MaTKu. Yci XBopi Oyiu
rOCHITaIi30BaHl y XIPpypriuHe BIIJAUICHHS YHIBEPCUTETChKO1 KIIiHIKA (OeChKOTO
HAI[IOHAJILHOTO MEAMYHOTo yHiBepcuteTy. Cepeaniil Bik oci®6 I rpymu cTaHoBuB
54,3+7,6 pokis, oci6 II rpynu - 51,7+5,2 pokiB. JloonepariiiHe CTaJilOBaHHS PaKy
TiJla MaTKU po3noAimmin TakuM ynHoM: Cr corporis uteri St 1A — 44 xiHok (52,62%
BiJ 3arajbHOi KUTbKOCTI 0ci0); Cr corporis uteri St IB — 28 (32,24%); Cr corporis
uteri St ITA — 9 (10,40%); Cr corporis uteri St [IB — 6 oci6 (6,89%).

Taoauusa 1 - /[ani nanieHTiB, OTPMMAHI 3 KAPT NALIEHTIB

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

Bix 54,3+7,6 51,7452 NA
Omninka ASA (IVII/IV) 3/38/3 2/39/2 NA
CyrmyTHI 3aXBOPIOBaHHS

INneproniuna xBopoOa 38 (90%) 32 (76%) NA
Imemiuna xBopoOa cepris 14 (31%) 12(28%) NA
CeprieBa HEIOCTATHICTh 13 (29%) 11 (26%) NA
ITyxpoBwuii qiabert 4 (9%) 3 (6%) NA
XpoHiyHE OOCTPYKTHBHE 11 (25%) 9 (21%) NA
3aXBOPIOBaHHS JIETCHb

Ilpumimku: Oani npedcmasneni K cepeOHE £ cmanoapmue GIOXUNEHHS, YUCIO aDO0 YUCTO
(6i0comok).
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Y OiapIIOCTI KIHOK JIOCTIIPKYBAaHOI TPYIH BHUSBICHO EKCTparcHiTaabHY
MaTOJIOTIIO sIKi OynK y3arainpHeH1 B Ta0amumi 1.

Bcei xBopi KiHKM OyJiM CHIBCTABJIEHHI 32 BIKOM, CYIyTHBOKO IMATOJIOTIEI0 Ta
00’eMOM KpPOBOBTpATH, sika y 1 Ta 2 rpymi JOCTOBIPHO HE BIAPI3HSIIACE.

I (ocmoBHa) Tpyma — 44 xBOpHMX Ha pak Tila MaTKHA, SKI OTPUMAJHU
MYJIbTUMOJIATIbHY 3arajibHy aHECTe31l0 3 IHTaSAIIHHIM aHECTETUKOM Y MOE€IHAHHI 3
eMiIypaJIbHOIO aHAJITE31€k0 siKa OyJia MPOJIOBKEHA Y MiC/sIonepaliiHoMy epioi .

VY rpyni 1 Ha onepariiHoMy cToJI1 poBoAuIu 1HGY31t0 (6-10 Mi/Kr Macu Tina)
KPUCTAJOITHUX PO3YMHIB. Y TIOJOXKEHHI XBOPOrO CHASYA Yy BHOpaHOMY
MiKOcTUCTOMY NMpoMDKKY Ha piBHI Th IX-XI myHkTyBanmu emigypaibHUNA MPOCTIP,
KaTeTep OPIEHTYBAIM Y KpaHIaJbHOMY HampsMKy Ha riauouny 3-5 cm. Ilicas
BBeJIeHHS TecT-103u 40 Mr jigokainy 3a 25-30 xB 10 po3pi3y B karetrep BBoAwIM: 0,5
% po3unHy OymiBakainy — 5 mMi OosicHoO Ta e 10 mit iH¢y3yBanacs 31 wBUAKICTIO 20
mi/roa.  LlBunakicts BBeAeHs 3HWXKYyBajgacs A0 4-6 MI/TOAMHY 3al€KHO BiA
MOKa3HUKIB TeMOJANHAMIKM Ta OOMUpPHOCTI omepairii. PiBeHb cuMmatugHOro OJOKY
Hamaranucs noBoautu 10 Th 7-8. Iumykuis 3aiicHioBanacs mpornodonom 1% y m03i
2 wMr/kr Baru, TOTIM Ha (OHI BBEIEHHA MiopenakcaHTiB (Tpakiym 0,6 Mr\kr),
BUKOHYyBaJlacs 1HTyOamiss Tpaxei. EngoTpaxeasibHO TPOBOIWIM  IHTAJIAIIIIO
ceBodmopanom 1.8 - 2.2 06% % (0,4-0,5 MAK), a TakoX BHYTPIIIHbOBEHHE
BBeneHHs 0,005% po3unHy ¢eHTaHiTy B TpaBMaTH4HI MOMEHTH omeparii 3a
nokazaHHsMu.  llicnsonepauiiiny — aHanresir0  3[1ACHIOBAIM  Oe3MepepBHUM
BBEJICHHSIM B €MiAypaJIbHUI IpocTip po3unHy OymiBakainy 0,25% 31 mBHIKICTIO 5.2
+/— 2,4 MJ1 Ha TOJIUHY, sIKa MPOJIOBXKYBajach Ha MPOTs3i 48-72 roauHMu.

I (koHTponpHa) rpyma — 43 XBOpUX Ha paK TUIa MaTKH, SKI OTPUMAIH
Xipypriyae JIKyBaHHS y CYINPOBOJI IHTJIAIINHOI aHecTe3li 3 BUKOPHUCTAHHIM
ceBodmopany Ta omioimHoro anameretuka ¢enrtaniia 0,005 %.  I[Hmykmis
3nicHIoBanacst npomnogonom 1% y 1031 2 MI/Kr Bard, moTiM Ha (POHI BBEACHHS
MmiopenakcaHTiB (Tpakiym 0,6 wMr\kr), BHUKOHyBajacs 1HTyOamisi Tpaxei. [ami
MPOBOJMJIACS CHIOTpaxeainbHa iHTaAMIsS ceBodmopany 2,5-3,3 00% (0,7-0,8
MAK), mig uwac HaWOULIBII TpaBMAaTHYHUX €TalliB oOMepalii, 3 ypaxyBaHHSIM
BEreTaTMBHUX DPEaKIiii Ta IMOKa3HHWKIB T€MOJMHAMIKH, JOJATKOBO 3IIMCHIOBAJIOCS
BHyTpimHbOBeHHE BBeAeHHS 0,005 % po3unny (entaniny.

B 060x rpynax BukopuctoByBasiu ERAS-npoTokont:

[Ipemenukariiro HamepeaoaH1 BBEUYEpl HE MPOBOAMIIM, JTO3BOJISLIOCS BXKMBAHHS
200 M mpo30puX PiUH 3a 3 TOJIUHM, a TBEPJOi iK1l — 3a 6 roauH A0 oneparii. s
NpOQUIAKTUKA BTOPUHHUX TPOMOOEMOONIYHUX YCKJIaJHEHb 3a 12 TOoauH [0
OTEpaTHUBHOTO JIIKYBaHHS Ta depe3 4 TOAWHU TICIAS XBOPUM  BBOJWIH
HU3BKOMOJIEKYJIIpHUH TrenapuH (eHokcanapuH 40 mr n/k) [13].

Y ocHOBI UIiKyBaHHS TicisonepaiiitHoro 0omo B 000X rpymax OyB
3aCTOCOBAHUN MYJIBTHUMOJATBHUN TIiAXiM 3HEOOJCHHS, B OCHOBI  BHKOPHUCTAHHS
AKOTO Oynu 3acTocoBaHi Taki mnpemapatd sk: Mopdin 1%, mapameramon
(aueraminoden), Heonamy TiAPOXIOPHUIY.

PiBens Gomio oIiHIOBAaBCS 3a BI3yasIbHOIO aHajmoroBoio mmkanor (BAILD), mms
KOXXHOTO MAIli€HTa 3 000X TPYIL.

HopManbHICTh po3moIiiiiB nepeBipsiu 3a gornomororo kpurepito lamipo-Binka.

ISSN 2567-5273 87 www.moderntechno.de



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

[TapameTrpuuHi gaHi OyJiM MpeACTaBiIEH] K cepeAHe + cTaHaapTHe BiaxuieHHs (SD),
HeMapaMeTpU4HI JaHl OyJiu mpejcTaBieHl sk Mmemiana £ SD, a kareropwdHi maHi
Oymu mpencraBneHi sk uucio (%). [lapamerpwuni nani (Bik, mepeOyBaHHS B
CTallloHapl, a TaKOXX TPHUBAIICTb MICISAONEPALINHOTO JIKyBaHHS) aHAII3yBald 3a
noromoroto t-tecty CTbhlOJIeHTa, HEMapaMeTpuyHi JaHl (TpUBAJIICTh OIeparlii,
3HAUYCHHS apTepialbHOTO THCKY, 3HAYEHHS YaCTOTH CEPIEBUX CKOPOYCHbD,
BHYTPIIIHHOBEHHE BBEJICHHS PIIUHM, BUIAUICHHS CE€Yl, BUMAIKA TEMOIMHAMIYHUX
YCKJIQJIHEHHb Ta Oanu 3a MIKajgow O0oJil), aHami3yBalu 3a jaomnoMmoroto U-tecTy
ManHa-VYiTHI, a KaTeropuuHi jaadi (ctath 1 0anmu ASA) aHamizyBanu 3a JOMOMOI'OO
KpUTEPII0 XI-KBajpaT. 3B’A30K MK O€3NepepBHUMU 3MIHHUMH, TaKUMH SIK
BHYTPIIIHBOBEHH] PIAMHU a00 BUIUIEHHS C€Yl, 1 TPUBAJICTIO OMepalii aHami3yBajiu
3a pomomoroto aucnepciiinoro a"amizy (ANOVA); P<0,05 BBaxkanu CTaTUCTUYHO
3HAYYIIM.

Pe3yabTaTn nociaixKeHHs

Pesynbratt 1o OynM  OTpUMaHI  XapaKTEPU3YBAIUCA  CTaOUIBHIIIMMU
MOKa3HUKAMH [IEHTPAIbHOI TeMOJMHAMIKM Y TAIl€eHTIB 1-1 rpynu Ha MpoTs3i BCi€l
omepartii. ¥ 2-ii rpymi Hari€eHTiB CIIOCTEPIragocs KOJIMBAHHS apTepiabHOTO THCKY,
Ta TOTpiOHa Oyla J0JaTKOBa aHAIre3iss  HAPKOTUYHUMHU aHAJbIeTHKAMU Ta
morMOJIeHHsT  piBHA  aHecTe3li. 3MIHHM  1HTpAoIepariiiHol  reMOAWHAMIKH
y3arajbHEHO B Ta0Juli 2. 3HWKEHHS CEPEIHBOTO apTEPIATBHOTO THUCKY OCSTAIIO
35-45% y 2 namienTiB B | rpyni Ta y 4 namienTti B Il rpyni (P=0,0002). 111 nauientu
noTpedyBaii BHYTPIIIHBOBEHHOTO BBEICHHS HOpaJpeHalliHa Ha JO0JATOK [0
BHYTpPIIIHBOBEHHUX KoJIOiMiB. He Oyno BumajakiB TrinmepTeH3ii, Taxikapaii 4u
Opaaukapii.

Tabauusg 2 - TpuBajicTs onepauii, IOKA3HUKU FeMOJIMHAMIKH TA YCKJIA{HCHHS,
3apeecTPOBaHi il yac onepamil

I'pyna I I'pyna II
(n=4d) (n=43) P 3Ha4eHHHA
Cepenns TpuBaJiCTh onepariii (XB) 128+37 140+31 NA
Cepenniii apTepialIbHAN THCK (MM PT. CT.) 72412 84+17 NA
CepenHs yacToTa CepIIEBUX CKOPOUCHB (YI/XB) 68+15 72412 NA
Meniana BHYTPiTHBOBEHHOI PiIUHH (MIT) 1450+615 1275+485 NA
Cepenniii oocsrT ceul (M) 415+40 370+50 NA
KinbkicTh emi3o/iB rimoTeH3ii 4 (9%) 2 (4,6%) NA

Ilpumimku: oani npedcmaeieni sk cepeOHe £ cmanoapmue GIOXUleHHs ab0 YUcio (6i0COMOK).

Meniana  BHYTPIIIHbOBEHHOI

plavHU

i

oneparrii

3r1HO

aHeCTEe310JI0TIYHOT KapTh 000X Tpym mamieHTiB ckiana 1362+550 ma (P=0,9), ne
naieHTd | rpynmu orpumanu Ha 12% pigunu Ounbiie, a HiXK nauientd I rpynm.
Brpata piguHu mijg dac mepenomnepaniiHOro TroJIOAYBaHHS —PO3paxoByBaiacs
BIJIMOBIJIHO /10 Macu Tija marfieHTa. [lamieHTH OoTpuMaiy MOJOBHHY IHOTO 00’ €My
MPOTSTOM TIEPIIOi TOJIMHU OTepallii, a 1HIIy MOJOBUHY — MPOTATOM HACTYITHUX JIBOX
roguH. TakuM 4WHOM, BHYTpPIIITHROBEHHA PiJIMHA, BBEJICHA IIiJl Yac omeparlii, Oyna
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OpsiMO MPOMOpPILIMHA TPUBAJIOCTI Omepallii, SK MNpoaHali30BaHO 3a JOMNOMOTOIO
ANOVA (P<0,0001). Yci namienta orpumanu 500 M1 BHYTPIIIHBOBEHHOTO KOJIOiNYy,
a pemra BHYTPIINIHBOBEHHUX PIAMH — po3uuH Pinrepa. Pe3synbratu moroguHHOTrO
BUJIIJICHHS C€4l MiJ dYac omeparlii moka3ajad, IO BCi Mali€eHTH Majd | MII/KT
BUJIIJICHHSI CEYl MICJIS TEPIIoi TOJAWHM orepallii, 1 He OyJI0 ICTOTHOI PI3HHUII MiX
rpynamu (P=0,8).

Cepennst kpoBoBTpaTa B 1-if rpyni ckimana 210 —350 mum (200+/-25 mo), y 2-i
rpyni — 240— 365 mn (260+/-35 M), 3aCTOCOBYBAJIM METOJ] 3BaXKYBaHHS CEPBETOK.
[Ipu onHakoBii TpUBAJIOCTI oOmNepaliii TPUBAIICTb BIJAHOBJIEHHS CBIJIOMOCTI B
JTOCHIDKYBaHUX Tpynax ctaHoBuia 8,1+/-2,1 ta 21,3+/-5,1 XB BiANoBigAHO, TOOTO B
3,5 pa3u KOpOTIIE 32 BUKOPHUCTAHHS IHTAJSILINHOI aHecTe3li CeBOQIOpaHOM Y
MOETHAHHI 3 €MilypalibHOI0 aHecTe3iero. [lopsiy 31 3HWKEHHAM NMOTpedu y GpeHTaHi
(0,85+/-0,4 wmxkr/kr/rogq 'y 1 rpymi Tta 3,42+/-0,65 wMkr/kr/ron y 2 rpymi),
CIIOCTEpIrajocs 3HIKEHHsI MOTpeOu y MioperakcaHTax y Mepiliid Trpymi (BUTpara
aTpakypiymy cranoBuia 0,35 +/— 0,1 mr/kr y 1 rpymi ta 0,5 +/-0,1 mr/kr y 2 rpymi),
a Takox Oyio 3umxkeHa norpeda y MAK cesopany (1 rpyma 0,4-0,5 +/— 0,2 MAK, 1
rpyna 0,7 - 0,8 +/—0,1 MAK).

VY mepury n00y micis omepaiii 47 XBOpUM MepIIoi Tpynu He mOTpiOHO Oyio
BBEJICHHSI HAPKOTUYHUX aHAITeTHKiB. Yepe3 3 roauHM OLliHIOBANIAaCh IHTEHCHUBHICTD
6omi y xBopux. Jle >xomHa 13 XBopuX HEe BH3Hayana Hectepmauii O611b (BAILLL 9-10
O111B), a TaKOX 5 XBOPUX BiJI3HAYAIM CKapru Ha OUIb CepeHbOI IHTEHCUBHOCTI (6-8
6amiB 3a BAIIl), nmpu 30inbIneHH] MBUAKOCTI 1H(QY31T OymiBakaiHy O0JIbOBHI
cuHapoM 3MmeHIyBaBcs, 10 xBopux — ciadkuit (BAILL 3-5), Ta 30 xBopux BU3HaYaIU
He3Hauny Oute (BAIII 1-3). V 2-ii rpyni 5 XBopuXx IIicis oneparii yepe3 3 roauHu
BU3HAJIM I1HTEHCHUBHICTh Oo0Jit0 sk HectepnHy (9-10 6aniB 3a BAII), ta skum
npu3HayaBcst MopdiH 1% B\M, micisi SKOTO 1HTEHCUBHICTH OOJII0 3MEHIIyBajach, a
TaKOK 5 XBOPHUX BiJI3HAUaJIM CKApru Ha OLIb CepelHbOI IHTEHCUBHOCTI (6-8 OaniB 3a
BAIII), 15 xBopux — cnabkuit (BAILl 3-5), Ta 5 XxBOopuX BU3HAYaal HE3HAUHY OLIb
(BAILL 1-3).

30
20

Xsopi

10

..-I o —

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 n\o 60J1i y XBopux 4epe3 3 roavHu micjas onepauii.

Uepes 24 roaunu micis omeparilii, Oysa BiaMIu€Ha TEHJSHIIS 10 3MEHIICHHS
nicisonepanifHoro 000 y KOXKHIHN 13 TPYII, ajie MalllEHTH NEPIIoi TPyNy BiAMIYaIN
Ounbil KoMdopTHe camornouyTTs, Ta yci 100% Oynu nepeBeAeHl A0 XIpypridyHOTO
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BIJIJIUICHHS JIJIS TTOJIAIBIIOTO JIIKYBaHHS.

VY 1-it rpyni He Oyno XBOpHUX SIKI BH3HAYald IHTEHCHUBHICTH OO0 SIK
Hecteprny (BAILL 9-10), 1 xBopuii xapakrepusyBaB Oulb CepeHbOI IHTEHCUBHOCTI
(BAI 6-8), 13 xBopux ommcyBanu Outb sk cinadky (BAII 3-5), ta 30 xBopux
BH3HaualIM He3HauHy Ot (BAII 1-3) .

VY 2-ii rpymi 1 xBopa micis oneparii y nepiry 100y BU3HAuYalda IHTEHCUBHICTh
oomo sk HectepmHy (BAIII 9-10), 11 xBopux KoOHCTaTyBaiu OUTh CEPEIHBOI
inTeHcuBHocTi (BAILLL 6-8), 21 xBopux — cnabkuit (BALLL 3-5), ta 11 xBopux
BU3Havyaau He3HauyHy Outb (BAIL 1-3) (puc. 2).

[lix yac HaAmoro MOCHIKEHHSI HE OYyJIO CTATUCTHUYHO 3HAYYIIUX BIIMIHHOCTEH
MDK MaIlieHTaMu, K1 OTPUMYBaJIM Ty 4M 1HITY (OpMy aHECTe31i, 3 TOYKU 30py BIKY Ta
CYNYyTHIX 3aXBOPIOBaHb. TpUBANIICTh IepeOyBaHHS B JIIKAPHI ICTOTHO HE BIAPI3HIIACS
Mk rpynoto I (5,1£1,3 nHiB) 1 rpynoro II (6,2+ 1,2 nHiB), ane Bce *k Taku namieHT [
rpymnu BigdyBaiu cebe ACIIo Kpaiie B KiHIll JTIKyBaHHS, Ta Oy CIIPOMOXHI Maiike
Ha 700y paHillle BUMMUCATUCH TOJIOMY .

Takox y Trpymi I, HE BUKOPHUCTOBYBAIMCH OITIOIMHI AHAIBIETUKH Y
micIsoTNepaIiitHoMy Tiepiofii, Ta dyepe3 24 TOauHU Ticas omepariii, Oyna BiamideHa
TCHJICHI[IA JI0 3MEHIICHHS IIicisoIepaniiHoro Oomo Ta Ourbr  KoM@opTHE
CaMOIIOYyTTSl.

30

205
o
@
4 - ‘
e —— W
0

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 m\o 60J1i y XBopux yepe3 24 roavHu micJjsi onepariii.

BucHoBok

JlocmpkeHHsT ske OyJI0 TPOBEACHO II0KA3aJl0 HaMm, IO IIOPIBHAHO 3
IHTAJIAIIMHOID — aHEeCTe3i€r0, MyJIbTUMOJAjdbHAa  aHecTe3id, B OCHOBI  SKOi
3aCTOCOBYETHCS CIMiypaibHa aHANTe3is y MAI€HTIB 3 /1arHO30M pak Tijla MAaTKH,
3abe3rneuye Kpaldid KOHTPOJb OO0 Ta MPUIIBUAIIYE Yac aKTUBI3alii I 4ac
HicIs0NepalifHoro BiIHOBJICHHS TICIIS TICTEPEKTOMII.

MynbTUMOJabHA aHECTe31sl SK METOJl aJeKBaTHOTO aHECTE310J0TTYHOrOo
3aXHUCTy XBOPHUX, SIKMH crpuse OuUIbll KOM(OPTHOMY CaMOMNOYYTTIO XBOPUX Y
MicJIsSIoNepalifHoMy TIepioAl XIpypriyHOTO JIIKYBaHHS, 32 PaXyHOK 3MEHIICHHS
BIIUYTTs OOJIIO TICIIA ONEPAaTUBHOTO BTPYYaHHS, Ta CIPHUAE 3HUKEHHIO MOTped y
BUKOPUCTAHHI HApPKOTUYHMX AaHAJIbIETHKIB, MPUCKOPIOE TPOLIEC OJYKaHHS MiCIs
omeparii.
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[TopiBHIOIOUM JBa PI3HUX METOJM aAHECTE310JIOTIYHOTO 3a0e3ledyeHHs TMpH
ricTepekTomii 3 MPUBOJY paka Tila MaTK{, Ta aHAI3yIOYH OTpPUMaHl pe3yJbTaTH
JI03BOJIsIE PEKOMEHYBaTH
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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 1 (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 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 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, 1.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% 1n 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
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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 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 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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Peztome. Aemopamu npogedeHuii aHaniz cmamy OHKOLO2IUHO20 cepgicy 8 YKpaiui ma tio2o
MAUOYmMHIX MeHOeHYill 3 VPAaxy8awHAM ma 6nausom GiuHu. B pabomi euceimieno ma
NPOAHANI308AHO CYYACHT ACNEKmMU NpodaIeMU PAHHbOI 0ia2HOCMUKY OHKONIO2IYHUX 3AX80PI06AHb HA
miui pepopmyeanHus mMeOuUyuUHU 8 YLIOMY Ma OHKON02IYHOI cnyxicou 30kpema. Iloxkazano ocHosHi
npoodeMu OHKONIOCIYHO20 CEPBICY PecioHy ma Cmau opeanizayii 0iaeHOCMUKY 3/10KICHOI namoo2ii
cimetinumu nikapamu. Hasedeno 0oceio eupiwenns ua pieni micma (Odeca OCHOBHUX NpoOIem
8I0CYmHOCMI AKICHOI OHKOOIA2HOCMUKU, OHKONPes8eHYii ma 63aEMOO0ii Midc NEPBUHHOI0 MA THUUMU
JIAHKAMU HAOAHHS OHKOJIO2IYHOI 00NOMO2U, A MAKONC 3ANPONOHOBAHUL CYYACHUU NiOXIi0 00
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NOKPAWeHHsT CMAHY OHKOACIYHOI cayscou peciony. Onucamo OCHOBHI 8eKMOPU PO3BUMK)
OHKONO2IUHOT CLYAHCOU 8 pamKax pegopmyeanus meOuyunu 8 Ykpaiui.

Knrowuosi cnosa: onxonociuna ciysxicoa; oHKOOIA2HOCMUKA,; OHKONPeGeHyis, 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 /4 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).

h

.
il e

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 #} is tg.

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

a = ar-:sinp—f, or @ = ar-*:tgp—“
h, 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 - F -h+F -h-tea
Ho=—e 2o C T 8 2)
b b
>Y=0 R -F=0 = R=F
ZMD: F,-a+F,-c-H,6-b=0
F .a+F.c F -a+F -htga
Hy=—t e = 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

ISSN 2567-5273 105 www.moderntechno.de



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

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).

Fe
7

h

|5 ]

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; ma - 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 nqs 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.
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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 4k and Ik, 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), is much smaller than the periodontal reaction,

and therefore: 24 = ﬂ, hence: R, = Hp! :
) h h
Similarly: Ry _Hp ,hence: R, = M.

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.

D M.=0 F(e+l)cosf—FHsinf— 2R,-1—2R, 0,61 —2H, -h=0 @
0,5F cos f(H(tga —tgf) +1)-h
Hp = 2 2

1,36/% + h
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Hpy-l 05FcosB(H(tga —tgfB)+1)-1

R, =

Tk 1,361° + i? (5)
o _Hp-0.6l _03Fcos f(H (g ~1gf) +1)-1

? h 1,36/ + h?

dDM,=0 _F.ccosp+F-H-sinff—2R.-1—2R, 0,41 +2H, -h=0 ©6)
_ Hph=04Ryl - 0,5FH cos Bliga — tgf)
l (7)

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

cos B (H(tga — tgB) + 1)-h

Re

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

w h,
HD:th_

(which was selected from the corresponding table) [12], taking into account the
height of the applied force applied

_ 2FN (1,367 + 1),
 cos f(H(tga —1gf)+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-Hecor = = 2,522V Lcor
Defining all dimensions through Vicor , we get:
h. = L4Veor =1,261VLcor

K
b

h=h_+ %K —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:
B 2,522F] (1,361° + (2,102VLcor — h)*VLcor

F=
cos 5(2,102VLcor(tga —tgfB) +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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HYGIENIC ASSESSMENT OF AEROGENE INFLUENCE OF

XENOBIOTICS ON FORM THE HEALTH OF CHILDRENS
I'T'TEHIYHA OLHIHKA AEPOI'EHHOTI'O BIVIMBY KCEHOBIOTUKIB HA
®OPMYBAHHS 310POB’Sl JITEN
Rublevska N.I. / Py6aescska H.I.
d.med.s., prof. / 0.me0.H., npogh.
Dnipro State Medical University,
Dnipro, Volodymyra Vernadskogo, 9, 49044
Jninposcoruii depoicasruil MeOudHull yHigepcumem,
Jlninpo, Bonooumupa Bepuaockoeo, 9, 49044

Anomauin. B pobomi naoano cicieHiumy 6micmy XIMIUHUX 3a0pYOHIOIYUX PEHOBUH 8
ammocgepromy nogimpi HaceneHux micyvb. Busnaueno ocoonugocmi ix aepocenno2o HaA0X00HCeHHs
00 opeaHizmy OumuHu. 30IUCHEHO OYIHKY CIAHY 300pP08 s OUMAY020 HAcCeleHHs. AHani3 ompumanux
pe3yibmamié O0CHiONHCeHHs 003804U8 OOIPYHMY8AMU MemOOUYHI NIOX00U 3 NONEePEeONCeHHS
PO36UMKY OOHO30JI02IYHUX CIMAHIB Y dimell Y 368 83K 3 AePOSeHHUM BNIUBOM KCEHOOIOMUKIS.

Knrouosi cnosa: xcenobiomuxu, ammocgephe nogimps, 300po8’s, Oumsue HACeNIeHHs,
O00HO3010214HI CMAHU, A0anmayis, pusux, NepeuHHa NPoPiIaKmuxa.

Beryn

Cepen KOMIUIEKCY UYHMHHHUKIB JIOBKUUIA, SIKI CHOPUAIOTH BHHUKHEHHIO
JIOHO30JIOTTYHUX Ta MATOJOTIYHUX CTaHIB Y HACEJEeHHs 3HAauHa pPOJib HAJEKUTh
atMoc(epHoMy MOBITpro. YnceHH1 JOCIKEHHS CBIAYATh PO Te, 110 3a0pyTHECHHS
MOBITPSI € BHU3HAYaAJbHUM (akTOpoM Yy (QOpMyBaHHI PHU3HMKIB JJIA 3J0pPOB’s
HacCeJIeHHS, OB’ sI3aHUMH 31 CTAaHOM HABKOJIMILIHBOTO cepeaoBuina. Jlo Toro x, 10
aTMoc(epH HaceJIeHUX MICIb TOKCUYHI PEUOBUHU HAAXOAATh y PI3HUX KOMOIHAIIISX,
110 YacTillle YChOT'0 MOCHIIIOE iX TOKCHUYHY JAII0 Ha »HUB1 opraHizMmu. JloBeneHo, 1110
CTYMiHb 3HAYYILIOCTI 3a0pyAHEHHS aTMoc(epHOro MoBITPS y (GOPMYBaHHI PIBHS
3arajbHOI 3aXBOPIOBAHOCTI JUTSYOTO HACEJNCHHsS CTaHOBUTH 23,2 % 1 3aiiMae apyre
MICII€ TIICTSl COIAJIbHUX YHHHHUKIB PU3HUKY, 3HAYYIIICTh SIKUX HOpiBHIOE 38,8 %.
JlocmimKkeHHsT CBI4aTh, M0 MPU OJHAKOBUX PIBHSIX BMICTY HIKIJJIMBUX PEYOBHH B
atMoc(epHOMYy TMOBITpi, M030Bi iX HamxomkeHHs (AH 103.) HeomHO3HAYHI IS
PI3HHX BIKOBUX TPYIl HACEJEHHS: caMme JITH 3a3Hal0Th HAMOUIBIIOr0 aepoOreHHOTO
HABAHTAXKECHHA. Y 3B’SA3Ky 3 I[IUM BHUBYCHHS BIUIMBY aepOreHHUX XIMIYHUX
HAaBAHTAKEHb HA OPraHi3M JUTHHH HAOyBa€ MPOBIAHOIO 3HAYECHHS.

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

OCHOBHHUI TEKCT.

Mema pobomu — oOTPYHTYBaTH 3aXO/JH MEPBUHHOI MPODITAKTUKN HETATHBHUX
3MIH Yy CTaHi 370pOB’Sl JAWTSIYOTO HACENEHHS Ha ITiJICTaBl KOMIUIEKCHOI Tirl€HIYHOI
OLIIHKU BMICTY 3a0pYyJIHIOIOUMX PEYOBHH y MOBITPI, A€POTEHHOT0 iX HaBAaHTAKEHHS
Ha OpPraHi3M Ta 3/10pOB’S JITEH.

Mamepianu i memoou. [IpoBeneHo aHami3 BMICTY MY, aHTIAPUITY CIPUUCTOTO,
OKCHJIy BYTJICIIO, a30Ty JIOKCUJY, CIPKOBOJIHIO, (DeHOJy, aMiaky, ¢hopMaibAeTiay B
atMoc(epHOMy TOBITp1 MM. JIHITPONETPOBCHK, JIHIMPOA3ZEPKUHCHK Yy AUHAMII 3a
2010-2022 pp. 3a pe3yJibTaTaMu CIIOCTEPEKEHb JIHITPONETPOBCHKOTO PEr1OHAIBHOTO
HEeHTPYy 3 TiapoMereoposiorii Ta JlepkaBHOi ycTaHoBM "JIHINIPOMETPOBCHKUI
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0o0JIaCHHI IIEHTP KOHTPOJIO Ta MpodIIaKTUKU XBOpoO MiHicTepcTBa OXOPOHH
310poB’st Ykpainu". ['irieHiyHa OI[iHKa BMICTYy KCEHOOIOTHMKIB B aTMOC(EPHOMY
MOBITPI MpoBoAWIIach BIANOBIAHO 10 Hakazy MO3 Vkpainm Ne52 Bin 14.01.2020
poky «IIpo 3aTBepKEHHS TITI€EHIYHUX PETIIAMEHTIB JIOMyCTUMOTO BMICTY XIMIYHUX 1
010JIOTIYHUX PEYOBHH B aTMOC(EpHOMY MOBITpI HaceldeHHX Micib». Ha mincrasi
CepeaHbOI000BUX KOHIIEHTpAIll TOKCUKAHTIB B aTMOC(HEpPHOMY TOBITPI MM.
JHITponeTpoBCchK, JIHIMPOA3EPKUHCHK  HAMU PO3PaxOBaHE JI030BE AacpOTCHHE
HaJIXO/DKEHHS (MI/KrXq00y) KCEHOOI0THKIB J0 AUTSIYOTO OpraHi3My, ke BigoOpaxae
BIUIUB XIMIYHOI PEYOBMHM Ha opraHizM. OTpuMaHi BEJIMYUHU MOPIBHIOBAIA 3
pedepeHTHUMH, PO3paxOBaHMMHM HaMHU IS BYIUICHIO OKCHIYy, (OpMalIbIeriay 3a
nomyctuMu (pedepeHTHrHMH) a00 MaKCUMAaJIbHO HEIIOYMMH KOHILIEHTpALIIMH, Ta 3
pedepeHTHUMU [JIs CIPKU 1OKCUY, a30Ty Jlokcuay, peHoiy, amiaky. s OIiHKH
ajanTalifHuX  MOXJIMBOCTEH  JiTe BUKOPHUCTOBYBAJIM METOJ  BH3HAYCHHS
aganTariitnoro norenmiany (All), mo 3acHOBaHU Ha IHTErPATLHOMY aHaIIi31 Kapio-
reMOJIMHAMIYHUX Ta aHTPOIIOMETPUYHHUX JAHWUX: YaCTOTU MYJIbCy, apTepiaibHOTO
TUCKY, JOBXHWHHU Tijla, MacH Tijia. 3 ypaxyBaHHSIM pO3pOOJICHUX HAMU HOPMATHUBIB
aJanTalifHOro MOTEHINANY JJIs IITeH JONIKUIBHOTO BIKY BHU3HAYAIM IOIIHPEHICTH
pI3HMX pIBHEH ajanTailii cepe] MiTeH-MEeIIKaHIIB MPOMHUCIOBUX MicT. Meauko-
cratuctuyHa oOpoOka Microsoft Excel2003®Statistica v 6.1 (Statsoft Inc /CILIA)
(mim. Ne AGAR909E415822FA). [Ins KiNbKICHOI OIIIHKK B3a€MO3B’SI3KYy MIX
OKpeMUMH (paKTOpaMu 3aCTOCOBYBAJIM KOPEJSILINHUN aHali3 3 pPO3paXyHKOM
Koe(iieHTiB JiHIMHOI Kopemswii [lipcona ta panroBoi kopessiuii CripmeHna (r), 1o
JTO3BOJIMJIO BCTAHOBUTH CTIMKI cTatucThyHO 3Hauyil (p<0,05- 0,001) B3aeMo03B’s13Kku
MIXK MOKa3HUKAMHM 3 OI[IHKOIO HAIPSIMKY 3MiH.

Pesynomamu. TlpoBeneHa TirieHIiYHA XapaKTEPUCTUKA BMICTY OCHOBHHX
XIMIYHHMX 3a0pYIHIOIOUHMX PEYOBUH B MOBITP1 CBIAYMTH PO Te, III0 B aTMOc(hepl MIiCT
JuinporneTpoBchbk Ta JIHIIPOA3EPKUHCHK TOCTIHHO BHU3HAYAIOTHCS OCHOBHI a00
,,KITacu4H1” 3a0pymHIOI0Yl PEYOBHHM: W, CIPKH JTIOKCHJ, BYTJCIIO OKCHJ, a30Ty
niokcua. IIpakTMdHO MO yCiM KCEHOOIOTHKaM, 3a BHHSATKOM CIpKH JIOKCHIY,
BIIMIYAa€ThCA  TIEPEBUIICHHS  CEPENHBbOJOOOBUX  TPAaHUYHO  JOMYCTUMHUX
KOHIICHTpaIliii. B cepemHboMy 3a Iepioji CIIOCTEPEIKCHHS HAWHIMOKYI KOHIICHTpAITii
many(1,13 T'’AK c.x.), miokcumy azory (1,23 T'JIK c.a.), cipka miokcumy
(0,12 T'JK c.n.) BcTaHOBIEHI Ha  TepUTOpil  pailloHy  MOPIBHSAHHSA
M. JlninponetrpoBchk. HaiibOuipm 3a0pyanenum nuiom (2,35 T'JIK c.x.), okcumom
Byrierto (1,21 I'ZIK c.a.) Ta giokcunom azoty (2,23 I'IK c.x1.) € moBiTpst y paiioHi 3
IHTEHCUBHUM TPAHCHOPTHUM pyxoM. OJHaK, HaW3HAYHIIIUN BMICT CIPKH JTIOKCHUIY
3apEECTPOBAHO Y TOBITPI MPOMUCIOBUX PpaliOHIB MiICT JIHINpONETPOBCHK Ta
JIHIpoa3epKUHCHK. Mae Miclie CTaTUCTUYHO JOCTOBIpHA BIIMIHHICTh MK BMICTOM
Uy, JIOKCUAY CIPKH, OKCHIY BYIVICIIO, JIOKCHUIY a30Ty B arMmocdepi pailoHy
MOPIBHSHHA Ta PaliOHY 3 IHTEHCHBHUM TpaHCTOPTHUM pyxoMm (p<0,008-0,001), mix
BMICTOM THX K€ KCEHOOIOTHKIB B aTMOc(epi pailoHy OPIBHSIHHS Ta MPOMHUCIOBOTO
pationy Ne 1 (p<0,05-0,001). VY3arambHeHHS pe3ynbTaTiB IPOBEACHUX HaMU
JOCIIKEHb 3 TITI€EHIYHOT XapakTEePUCTHUKUA BMICTy crenudiuHux 3a0pyaHIOI0UNX
pedyoBUH B aTMocdepi CBITUUTH 3a Te, IO Y TOBITPI PallOHIB CIIOCTEPEKEHHS MM.
JHinponeTpoBChK, JIHIIPOA3EPKUHCHK PEECTPYIOThCA 3HA4HI  CepeaHBOPIUHI
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KOHIIeHTparlii kcenobiotukis: a0 3,67 T'JIK c.n. mo denony, no 3,08 I'IK c.a. mo
amiaky, 10 6,33 I'JIK c.n. mo dopmanbaeriay ta g0 1,13 I'JIK m.p. mo cipkoBojHIO.

AHaii3 OTpUMaHuX pe3yJibTaTiB CBIAYUTH MpPO T, IO MAITH 3 pPaiioHY
MOPIBHSIHHA M. /IHIIPONETPOBCHK 3a3HAIOTh BIUIMBY MEHIIIOTO, HIXK B 1HIIMX pailoHaX
CIIOCTEPEIKEHHS, AaEepOTCHHOIO0 HAaBaHTAXEHHS 3a0pyAHIOIOUMMU PEUYOBHHAMU
(mr/krxno0y). Tak, moctoBipHo (p<0,05-0,001) HaaxomkeHHs Uiy B 2,1, ByTJIEIIO
okcuay B 2,14, dopmanpaeriny B 1,4 pa3u HibKkue y palioHI MOPIBHSIHHS, HIK B
palioH1 3 IHTEHCUBHUM TPAaHCIOPTHUM pyxoM. Haaxo KeHHs AIOKCUIY CIpKH B 2,9,
cipkoBoaHIO B 1,57 pa3u Bullle y NPOMHCIOBOMY paioHi No 2, HDK B pailoHi
nopiBHsiHHSA ~ (p<0,05). HaiiOuiblii  BEJIUYMHM  a€POTE€HHOTO  HAJAXOIKCHHS
KCEHOOIOTHKIB 10  OpraHi3aMy JiTeid  JOWIKIILHOTO  BIKY-MEIIKAHIIB M.
JIHITIPOI3ep>KUHCHK TAaKOXK MPUIAJal0Th Ha JITEH 3 MPOMUCIOBUX paliOHIB, HIXK Ha
MEUIKAHIIIB paiiOHy MOPIBHSIHHS.

B ymoBax M. JIHIIPOJA3EpKUHCHK 0 OpraHi3My JITed HAIXOISTh BIPOTITHO
(p<0,05-0,001) Bumi, HIX B yMoBax M. JIHimponeTpoBCchK 103U (peHomy (B 2,5 pasu),
dbopmanbneriny (B 2,15 pasm), cipkoBoaHoo (B 1,8 pasu). HamgxomkeHHS BYTJIEIIO
okcumay B 1,56 pasu Butie (p<0,001) y JIximponeTpoBchKy. AHaJI3 cepeHO1000BUX
7103 HAJXOHKEHHS OKPEMHUX KCEHOOI0THKIB 3 aTMOC(HEPHUM TOBITPSIM CBITUUTH 32 TE,
[0 JUTS4Ye HaceleHHs MicT J{HimpomneTpoBchK, JIHIMPOA3EPKUHCHK 3a3HAE BIUIMBY
Ooutbmr  3HauHoro (p<0,05), mpu TOpPIBHSAHHI 3 pePEPEHTHUMH BEIMYUHAMH,
aepOreHHOr0 HaBAHTAXKEHHS TAaKWUMU PEYOBUHAMHU, K a30Ty Aiokcun (B 2,2-2,5 pasu,
p<0,05), denoxn (B 1,4 pazu), popmansaeria (B 2,2-4 pasu, p<0,05).

B sKocTi 1HTErpajlbHOrO KPUTEPI0 370pOB’S y JITEpaTypi pO3TIsIal0Th
aJanTaliiiHl MOKJIMBOCTI OpraHi3My, siKl B1IOOpa)KarOTh CTYIIHb HOTO JMHAMIYHOI
pIBHOBarm 3 CEpPEJOBHUINEM. 3 ypaxyBaHHSAM pO3pOOJICHMX HaMH HOPMATHBIB
aJanTaliifHOro MOTEHIllaTy BU3HAYEHO MONIUPEHICTh PI3HUX piBHEU ajanTalii cepe
JITEN JOUIKUIBHOTO BIKY B pailoHax crioctepexxeHHs. OTpuMaHi pe3yiabTaTH 3 OI[IHKH
ajanTalifHuX MOXJIMBOCTEH MiTeH, SKI MIIJISTal0Th Aa€pPOre€HHOMY  BIUIMBY
KCEHOOIO0THKIB, JIO3BOJIMUIM BCTAHOBHUTH, IO B paloHax 3 OUIBIIUM CTyNEHEM
3a0pyaHeHHs atMmocdepu goctoBipHO (p<0,05) Ounblra mMTOMa Bara giTeH 3
HanpyxeHuaMm (AlIl Big 1,90 no 2,19 ana xnomuwmkis; AIT Big 1,80 mo 1,99 s
JIIBYATOK), HE3aJOBLILHUM pIBHEM afanTaiiiHux MoxxiauBocte (AIl Bim 2,20 mo
2,39 nna xmomuukis; All Big 2,00 go 2,19 nns aiBuatok) ta 3puBoM ananrarii (ATl
2,40 Ta > ms xnormuukis; Al 2,20 Ta > m1s 7iBYATOK).

Pe3ynbTaTi mpoBENEHOT0 MaTEeMAaTUYHOTO aHATI3y TO3BOJUIN BCTAHOBUTH, IO
BEJTMYMHU ACPOTCHHOTO JI030BOTO HABAHTAXKEHHS KCEHOOIOTHKAMHU JIOCTOBIPHO
(p<0,05-0,001) BIIMBarOTH Ha aIaNTAIIHI MOXKIUBOCTI miTei. 3 migBumieHHsM AH
n03. miokcunom cipku (r=0,36), oxcumom Byriento (r=0,33), miokcuaoMm aszoTy
(r=0,28), amiakom (r=0,30) 3pocTae BenWuYMHA AJANTAIIHHOTO TOTEHINATY, TOOTO
ajanTaliifHl MOXJIMBOCTI JUTSYOrO OPraHi3My 3HIXKYIOTHCS Mijl BIUIUBOM O1JIBII
3HAYyIIOr0 A€POT€HHOI0 HABAaHTAXKEHHS 3a3HAYEHUMH KCEHOO10TUKAMH.

OTpuMaHi HaMH J1aHi CBI4aTh 3a Te, 110 BEJIWYMHA aJanTallifHOTO MOTEHIATY
BIPOTIIHO TIOB’s13aHa 31 CTAaHOM HecCHenU(PiuyHOT PE3UCTEHTHOCTI, (PYHKITIOHAILHUMHU
MOKa3HUKAMU JUXaJIbHOI 1 cepIieBO-CyAMHHO1 cucteM aiten (r= -0,47+0,69; p<0,05-
0,001). Anani3 3HUKEHHSI PIBHS aJanTarlii B 3aJIe’KHOCTI BiJl BETUYUHU a€POTEHHOIO
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J030BOIO  HABAaHTA)KEHHS OKPEMUMH KCEHOOIOTHMKAaMHU JI03BOJMB BU3HAYUTH
KCEHOOIOTMKM Ta Takl iX BEJIUYMHH AaepOTEHHOTO JI030BOTO HAIXODKEHHSA [0
OprasizmMy AiTel-MemkaHiiB [IpuaHIIPOBCHKOrO pErioHy, 3 SKUMHU IOB’S3aHUN
pPU3UK 3HIDKEHHA piBHA ananTaiii. OTpuMaHi pe3ysbTaTd CBII4aTh, IO BIPOT1IHO
(p<0,001) HaiO1IBII BUCOKHIA PHU3WK 3HIDKCHHS aJalTallliHUX MOXKJIMBOCTEH MiTEH
(TakoX, SIK 1 JAJi1 BUHUKHEHHSI TOHO30JIOTIYHUX CTaHIB) MPUTAMAHHUN IS BYTJICLIIO
okcuay (BII = 5,30; 95% BI 2,14 - 13,17). Ha miacraBi oTpuMaHux pe3yJbTaTiB
3alpOIIOHOBAHO Ta BIPOBA/KEHO KPHUTEpialbHY IIKATy OIIHKH PU3HKY 3HUKCHHS
ajganTaiii B 3aJ€XKHOCTI BIJ] BEJIMYMHM aCPOTCHHOTO JI030BOTO HaBaHTAXKEHHS
KCEHOO10TUKaMH, SIKa TO3BOJISIE BUILISATH TPYIU PUHUKY AITEH 32 MiCIIEM MEIIKaHHS,
MPOBOJIUTU €KOJIOTO-TITI€HIYHE PaHKyBaHHS HACEJIEHUX MICIIb.

BucnoBkmu.

BcTranoBneHo, 1mo B yMOBax MPOMMCIOBUX MICI[b Ma€ Miciie OLIbII 3HAUYIIIE,
MOPIBHSHO 3 PO3paxOBaHUMHU 3a pePEepeHTHUMHU KOHIEHTPALiIMH Ta TPAHUYHO
JOMyCTUMHMH KOHIICHTpAIIIMU, aepOreHHEe HaJAXO/KEHHS KCEHOOIOTHKIB [0
OpraHi3My JAWTHHH, 10 TPU3BOAUTH 0 3HIKCHHS HECTEeIM(pIYHOI Pe3UCTEHTHOCTI,
3MiH (PYHKIIIOHAJIBHOTO CTaHy CEpPLIEBO-CYJUHHOI Ta TUXAJIbHOI CHUCTEM, 3HMKEHHIO
piBHS ajanTarii JUTSYOrO0 OpraHizMy. 3amporiOHOBAHO MAaTEMAaTUYHY MOJIEh
«aeporeHHe HaJIXO/DKCHHS KCEHOOIOTHKIB — aJamnTalliiiHi MOJKJIHMBOCTI JITEH» Ta
OOIPYHTOBAaHO BEJIMYMHU AEPOr€HHOTO HAJIXOPKCHHS 3a0pyAHIOIOYNX PpPEYOBHUH
aTMOC(epHOro MoBITPs (MI/KIX100y), Kl B yMOBaX TEXHOT€HHOTO PET10HY IMOBIPHO
NPU3BOJATH 0 3HIKEHHS aIalTalliiHUX MOXKIIUBOCTEH JUTSIYOTO OPTaHi3MY.

Jliteparypa:

1. World Health Organization. Air pollution. URL:
http://www.emro.who.int/noncommunicable-diseases/publications/air-pollution.html

2. Rublevska N.I., Stepanov S.V., Rublevskyi V.D. Gaiday L.V., Sincha O.P.,
Rublevska A.D. Hygienic justification of approaches to the development of a regional
monitoring program atmospheric air //Modern engineering and innovative
technologies, Germany, Karlsruhe, Issue 29; October, 2023; P. 178-185.

3. Hygienic assessment of the impact of aromatic hydrocarbons and
formaldehyde on the health of children/ Rublevska N.I., Stepanov S.V., Gayday L.V,
Sincha O.P., Zhuravel S.P., Rublevska A.D. //Modern engineering and innovative
technologies, Germany, 2022;24 (2); 163-168.

4. OOrpyHTYBaHHSI ~ PETiOHAJIBHOI MPOTpaMH  MOHITOPUHTY 33  SIKICTIO
atmocdepHoro noBitps y [[ainponerposchkiit o6nacti /CrenanoB C.B., Pyonescrka
H.I.//Yxpaincbkuii )xypHan Meguiuau, 6iomnorii ta cnopty. 2021.Tom 6. Ne3 (31). C.
46-52.

5. The effect of aerogenic intake of phenol and formaldehyde on the formation
of children’s health/ Rublevskaya N.I., Stepanov S.V.// International Scientific
Periodical Journal "Almanahul SWorld". - 2020. - Ne 4. - P. 79-85.

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/kgxdaily), 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 pozensioaemovcs memabonizm  1inidi@  npu  OUCEMIHOBAHOMY
myboepkyn1603i. Mema 0ocniodiceHHs — ausuumu ma oyinumu ckaiao sxscuprux kuciom (KK) ninioie y
naasmi Kpog8i X8Opux Ha OUCEMIHOBAHUL MYOEepKYIbo3 Je2eHb 1 BU3HAYUMU IX 368'30K i3
nepeodicom x60poou.

Mamepian i memoou. Byno obcmesiceno 103 (64,37 % i3 160) 300posi ocoou (I epyna) ma 57
(35,63 % i3 160) xeopux Ha ouceminoganuti mybepkyivo3s nezeusv (Il epyna). Kupui xucromu y
naasmi Kpogi 00CHiONCY8anu OIOXIMIUHUM MEMOOOM HA 2A30PIOUHHOMY Xpomamozpadi «lleem —
500».

Pesynomamu. Bcmanosneni cymmeesi 3MiHU CNeKMPA HCUPHUX KUCTOM NINI0I8 Y NAaA3Mi KpoGi
Y X60pUx Ha OUCEMIHOBAHUU MYOEPKYIbO3 Ne2eHb, AKI NPOAGIANUCL 3HAUYWUM NIOBUWEHHAM
CYMAPHO20 PI6HS HACUYEHUX HCUPHUX KUCTOM HA MILL SHUNCEHO20 CYMAPHO20 6MICHY HEHACUYEHUX |
CYMU NONIHEHACUYEHUX JCUPHUX KUCIOM, 8 pe3yabmami NOCULeHOi aKkmueayii npoyecie
nepeKucHo20 oKucienHs ninioie. Bumicm cmeapunosoi KK (Cis o) y nayienmie Il epynu 8ipociono
3HudCysascs 6 1,63 pasu nopisuano 3 ocooamu I epynu (p < 0,001). V x6opux na ouceminoganuti
mybepKynbo3 necenb Kinvkicmov apaxioonosoi KK (Czo4) 3pocmana y 2,13 pasu (p < 0,001),
kinokicmo oneinosoi KK (Cis 1) 3uuocysanaca 6 1,48 pasu (p < 0,001) nopisuano 3 epynoio
KOHMPOJIO.

Bucnosku. Pezynbmamu 00CniodiceHb NOKA3AAU, WO ICHYE 38'A30K [ 3ANEAHCHICMb MIdiC
PO3BUMKOM ~ OUCEMIHOBAHO20 MYOEPKYIb03y Je2eHb Ma NOPYWEHHAM OOMIHY 7inidie i3
Mooughikayiero ckaady HCUPHUX KUCIOM Y NAA3MI KPOBI, WO 8ANHCIUBO 8PAX0BYEAMU NPU NPOBEOEHHI
JIIKYB8AHHS OAHUX NAYIEHMIB.

Knrouosi cnosa: cnexmp, dcuphi KUCI0mu, NAA3MA KPOSI, MyOepKyIb03 1e2eHb.

Beryn. B VYkpaini BigMiYaeTbCs CKJIaJHA eMiJEMIOJIOTIYHA CHUTyaIlls 3
TyOepKyIb03y: 30UIbIIIEHAa 4YacTKa TSOHKKUX MOmUpeHux ¢GopM Ta 3pOCTaHHS
MOKA3HUKIB JIKapChbKO-CTIHKOTO  TyOepkynbo3y JiereHb. B VYkpaini 1moaHs
peectpytoTh 93-94 HOBHX BUINAQJAKIB 3aXBOPIOBAHHS Ha II0 HEIYTy, LIOPOKY
BUSIBJISIIOTH 1oHAT 30 THC. XBOpHX, a MoHa A 8-10 THC. mOMUPaIOTh BiJ IT1€T XBOPOOH [
4, 5, 6 ]. Eninemito 1iei XBOpoOM MiATPUMYE 3pOCTaHHS JIIKAPCHKO-CTIMKUX (hopm
TyOepKyJIb03y, BIUTUB COLIATbHO-CKOHOMIYHMX YMHHUKIB [ 7 | Ta 1HIMX (QakKTopis,
[0 3yMOBIIIOE TIpII MOKa3HUKHU €(EKTUBHOCTI JIIKYBaHHS XBOPHUX 13 II€I0 HEIYTOO
Ta MoTpedy y MPOBEACHHI HOBUX JAOCTIIKEHb UM YJIOCKOHAJIEHHS ICHYIOUUX 3 METOIO
MOTJIMONIEHOTO0  PO3KPUTTA  MaroreHesy xBopodu. I[lpum  ¢izionoriunux Ta
MAaTOJIOTIYHUX TpoLecax 3AIMCHIOIThCA Mpoliecu nepekucHoro okucHenHs (I1OJI).
Ilin yac MpOXO/JKEHHS MPOLIECIB BUIBHO PAJAMKAIBHOIO OKHUCJICHHS YTBOPIOIOTHCS
aKTUBHI1 (JOPMHU KHUCHIO, KOHILIEHTpALlld AKX y TKaHUHAX MpH (P1310JOTTYHUX YMOBaX
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€ He BHUCOKOK. Hammmmok axkTuBHUX (GOPM KHCHIO CHpPHUSE MTPOXOJKEHHIO
JAHITIOTOBUX PEaKIliid 13 HAKOMWYEHHSM JIIMIHUX PaguKalliB, MEPOKCHIIB, TiAPO
nepokcuaiB Ta aakokcuaiB. [Ipouecu T1OJI momkomKyOTh KIITHHHI MEMOpaHu Ta
MPU3BOJIATh 10 BUHHMKHEHHs TartoJsiorigHoro mpomecy [ 1 ]. Jlo ckimamy KIITHHHUX
MeMOpaH BXxoJaTh >kupHi kuciotu (JKK), ski € oCHOBHUM CyOCTpaToMm MpoIEciB
[10JI, Tomy 3MiHa iX ckjlaay € 1H(QOPMATUBHUM TIOKa3HUKOM, IO BH3HAYae
nopyuieHHss oOMiHy mimiAiB. Bce e 0OyMOBMIIO MOCTaBIIEHY NEpe] HaMU METY -
OLIIHUTH CKJIAJ] )KUPHUX KUCIOT JIMIAIB y IJIa3Mi KPOBI Y XBOPUX Ha JTMCEMIHOBAHUM
TyOepKyJIb03 JIET€Hb 1 BA3HAYUTH 1X POJIb Y PO3BUTKY XBOPOOHU.

HocnipkeHHst € ¢parMeHToM 0araThbOX IJIAHOBUX HAYKOBO-AOCHITHUX POOIT
HauionansHoro meauunoro yHiBepcutety iMeHi O.0O. boromonbust MO3 Ykpainu.

Marepiaau Ta MeTOIH

Hamu 6yno o6ctexeno 103 (64,37 % 13 160) 3mopoBi ocobu BikoM Bijg 18 1o 65
POKiB, KOTpi He manuiau nurapku (I rpyna, konTponsHa) Ta 57 (35,63 % 13 160) ocib
TaKOT0 X BIKYy, XBOPHX Ha JUCEMIHOBaHUU TyOepKyh03 jerens (11 rpyma).

O6cTexxenns oci6 mpoBoamwin y KuiBcbkux mpoTUTYOEpKYIHO3HUX 3aKiIajiax.
[linroroBky mpo6 1 razoxpomartorpadiyHuii aHami3 MPOBOIWIN 3TiTHO METOIUKH
JI.LB. Cazonenko 1 T.C. bprosrinoi [ 3 ]. BuzHaueHHs cKJaqy >XUPHHX KHCIIOT
docdonimiaiB y mia3mi KpoBl MPOBOAUIN OI0XIMIYHUM METOJOM. B OCHOBI MeTomy
JEKUTH €KCTPAKIIIS JIMIAIB 13 TIa3MU KPOBi, BUAUICHHS (HOChOMIINiIiB, METUITYBaHHS
1 razoxpoMarorpadiuHuil aHalli3 KUPHUX KUCIOT HA Ta30piIMHHOMY XpomaTtorpadi
"Bet-500" 13 mua3Mo 10HI3alUIMHUM AETEKTOPOM B 130TepMIYHOMY pexkumi. Cknan
KUPHUX KUCJIOT JIIIIB Y TUIa3Mi KpPOBI OLIIHIOBAJIM 32 METOJIOM HOPMYBAHHS IO 1
BU3HAYEHHS YaCTKH XUPHUX KUCIOT (Y %) [ 2 ]. [Toxnbka noka3HukiB ckiaaana + 10
%.

Cratuctuna o0poOka  pe3ynapTaTiB  JOCHIIKEHHS  MPOBOAMIACH  Ha
NEPCOHALHOMY KOMIT'IOTEpl 3 BHUKOPHUCTAHHSM TIAKeTa TMPUKIATHUX MPOrpam
Microsoft Office Excel, 2007. BiporigHumMu BBaKajlu PI3HULIO TpU PIBHI
craTiucTUuHOi 3HavymocTi p < 0,05, p <0,001, p <0,001.

Marepiaiii KJIIHIYHOTO JOCTIDKEHHS Oyiau pO3MVISIHYTI KOMICIE0 3 THUTaHb
etukn HarmionansHoro menuunoro yHiBepcutery iMeHi O.0. boromounbis, ne Oyio
BUHECEHO PIIICHHS, M0 JOCIIPKEHHS BUKOHAHI 3TiJIHO CYYaCHUM HayKOBHUM
cTaHjapTaM, OyJd TepeadadyeHi 3axoAu Mo 3a0€3MEeUCeHHI0 OE3IMEeKH ISl 370pOB's
narieHTa, J0TPUMaHHs HOro MpaB JIIOACHKOI T1THOCTI Ta MOPaJIbHO-ETUYHUX HOPM Y
BIJIMTOBITHOCTI 0 TMPHUHIUIIB [ eIbCIHKCHKOT AeKiapaiii npap Jroaunau, KonBeHirii
Panu €Bpomnu mpo mpaBa JIOUHU Ta BIAMOBITHUX 3aKOHIB YKpaiHU.

PesyabTatu. Y mia3mi kpoBi B 0cid6 | rpymm (KOHTpOJbHA) B HAWOUIBIIIMA
KiUTbKkOCTI Hamu BusiBieHl HacwueHi JKK: mamemiturOBa (C16:0) Ta creapmHOBa
(C18:0), mo ckmamu BignosigHo (37,1 = 1,6) % 1 (13,4 £0,7) %. I3 nenacuuenux XK
Oynu BuzHadeHi ojeinoBa (C18:1) Ta minonesa (C18:2) XKK: BingmosigHo (16,3 £+ 0,5)
% 1 (29,1 = 0,5) %. ¥V mna3mi KpoBl y KOHTPOJBHIN TpyIli BCTaHOBJEHA 3HAYHA
HacuueHicth XK (mo (50,5 + 1,6) %) BHacnigoK BUCOKOTO BMICTY NaJlbMITHHOBOI
KK (C16:0), sxa 3ab6e3neuye cTidkicTh 10 nocwieHux mnpoieciB [10J1. KinbkicHuit
BMICT JKUPHUX KHUCJOT y TUIa3Mi KpOBI y XBOPUX Ha JIMCEMIHOBAHHUI TyOepKyJbO3
neredb (I rpyma) BiApi3HSABCS BijJ aHAJIOTIYHUX iX MOKA3HUKIB y 370poBUx oci0 (I
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rpymna). ¥ XBOpUX Ha JUCEMIHOBaHMH TyOepkyibo3 jereHb (Il rpyma) BigMiuamoch
HeBiporiaae 3HmkeHHs naabMiTHHOBO1 KK (C16:0) no (33,4 £ 2,7) % (p > 0,05) npu
kouTpom (37,1 £ 1,6) %. Bwmict creapunoBoi KK (C18:0) y mauienti Il rpynu
BiporigHo 3HMKyBaBcs 10 (8,2 £ 1,1) % (p < 0,001) mpu (13,4 £ 0,7) % y 3m10poBUX
oci0. 3amxenuit piBeHb nanbMiTHHOBOI (C16:0) 1 creapunoBoi (C18:0) KK y xBopux
Ha JIUCEMIHOBaHUH TyOepKyJb03 JIET€Hb CBITYUThH MPO MOPYIICHY (PYHKIIIIO NEUiHKH.

B oci6 II rpynu y mmasmi kpoBi 3'sBusack mipuctuaoBa KK (C14:0) (p <
0,001), kinbkicTh sikoi nopiBHIoBana (20,1 £ 1,7) %, 110 CBIAYUTH IPO CYTTEBI 3MIHU
B CHJIOKPMHHIA CHUCTEMI JAaHMX MalI€HTIB; y 3A0poBuX oci0 MipuctuHoBa KK
(C14:0) Bincytns. Pienp oneinoBoi KK (C18:1) BiporigHo 3HmkyBaBcsi B oci0 11
rpynu 0 (11,0 = 1,0) % (8 1,48 pazy, p < 0,001) nopiBHsiHO 3 Tpynoro KOHTpoto (I
rpynoro), e piBeHsb ii ctaHoBuB (16,3 + 0,5) %. Bmict apaximonosoi KK (C20:4) B
oci6 II rpynu nigsunryBasca y 2,13 pasu (p < 0,001) nopiBHSIHO 3 TPYyOK KOHTPOJIIO
it cranoBuB (8,3 = 0,8) % (y xontpomi - (3,9 + 0,4) %). Tenneniisa 10 3MEHIIICHHS
HEHACUYEHOCTI JIMIJIHOTO KOMIUIEKCY TUTa3MHU KpPOBI Y XBOPHX Ha JIMCEMIHOBAHHMA
TyOepKynp03 Jiereb (p < 0,001) oOymoBieHa BIpOTIIHUM 3HHKEHHSIM BMICTY
ninosnesoi (C18:2) it onmeinopoi (C18:1) KK (p < 0,001).

VY mna3mi kpoBi B oci0 Il rpynu BusiBIEHO XapaKTepHY 3aKOHOMIPHICTB 3 OOKY
mpoliecy KOHBEPCli, 10 HEraTMBHO BIOOPAKAEThCA HA PETYJISITOPHIN GyHKIIT
pecrnipaTopHOi CHCTEeMH M xapakTepl mepebiry TyOepKyJaho3HOTO Tmporecy. Taki
3MIHU CKJIaAy >KUPHHUX KUCJOT JIMIAIB y MJIa3Mi KPOB1 3yMOBIIIOIOTh 3HUKEHHS IO
HEHACUYEHOro JinigHoro kommuiekcy 10 (19,7 £0,6) % (y xkonTpoabHii rpymi - (33,3
+1,5) %) (p <0,001) Ta 3mMenmenns cymapHoro BMicty HeHacuueHux KK go (30,7 +
2,1) % (p < 0,001) pu (49,5 = 1,6) % y 310poBHUX 0CI0. 3MEHIIIEHHSI CyMapHOTO
BMmicty noni HeHacuueHux KK (ITH XKK) y mna3zmi kposi 1o (19,7 + 0,6) % y xBopux
Ha JUCEeMIHOBaHWUA TyOepkymbo3 yereHb (p < 0,001) (mpm (33,3 = 1,5) % y
KOHTPOJIbHINA Tpymi) Bi0yBaeTbcd B OCHOBHOMY 3a PaxXyHOK 3HIKEHOTO PIBHS
minoneBoi KK (mo (10,1 = 1,5) %, p < 0,001; y 3mopoBux oci6 (29,1 + 0,5) %) Ta
CBIJTYUTH NIPO aKTUBHUM crielU(IYHUN TTPOLIEC Y JIETEHSX.

JKvipHi KMCJIOTH, SIKI CHHTE30BaH1 Y MEUiHIl, eTepUPIKYIOTHCA Y TPUTIILEPUIH 1
PE3EpPBYIOTHCS Y JKUPOBUX JIETIO, & B IMOJAIBIIOMY BUKOPUCTOBYIOTHCS Y CKJIAI1
dbocdomimiaiB s moOyI0BU KIITHHHUX MEeMOpaH. [3 1ma3Mu KpoBi BIJIBHI JKHPHI
KHCJIOTU TIPOHUKAIOTh y T'eNaTolUTH, ¢ YTBOproeThes naabMiTHOBaA JKK (C16:0),
sIKa TIOTiM mepeTBoproeThes y cteapuHoBy JKK (C18:0).

BucHoBku Ta nepcrnekTuBu. CKiaa *KUPHUX KUCIOT JIMiIB y Ma3Mi KPOBi y
XBOpUX Ha JMCEMIHOBAHUN TyOEpKyJIbO3 JIET€Hb XapaKTEPU3YETHCS TUCOATAHCOM
CHIBBIJHOIIEHHS CYMapHOTO BMICTy HACUYEHUX, HEHACUYCHHUX Ta TOJII HEHACUICHUX
KUPHUX KUCJIOT. Pe3ynbTaTl HAIMMX TOCIIKEHh BCTAHOBIJIMA BipOT1IHE ITiIBUIIICHHS
cymapHoro piBHs HacuueHux JKK Ha T 3HHKEHOTr0 CyMapHOT0 BMICTY HEHACHUEHUX
KK 1 Bmicty IIH XK (p < 0,001), mo cBiguuTh Opo MOPYIICHHS METa00Ii3My
JIMIIB Y JAHUX XBOPUX y pe3yJibTaTi MocuiieHoi akTuBailii npoiecis ix [10J1. byno
MOKa3aHO MOPYIIEHHS OOMIHY JIMIIIB 13 MOAU(DIKAIIEID CKIIATY >KUPHUX KHUCJIOT Y
mjaa3Mi KpoBl y XBOPHUX Ha JHUCEMIHOBAHMM TyOEpKyJbO3 JIereHb, 110 HEOOXI1THO
BpPaxoOBYBaTH IMPHU MPOBEJCHHI JIKYBaHHS JaHUX MAI[I€EHTIB Ta € JOCUTh BAXJIUBUM Y
nepcrekTrBi. CyTT€BO BHpPa)K€HI 3MIHM CKJIAJy J>KUPHUX KHUCIOT y IjIa3Mi KpOBi
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BU3HA4yaoTh 4ymmBicth 70 [IOJI, 1o 7J03BOJMTH OIIHIOBAaTH  XapakTep
MeTabOMIUHUX TMPOIECIB Ta BCTAHOBJIIOBATH TSDKKICTh 1 HACHiOKU Mepediry
JAMCEMIHOBAHOTO TYOEpKYJIbO3Y JIETEHb.

Jlitreparypa:

1. BnanumupoB FO.A., ApuakoB A.M. IlepekncHOe OKHCIIEHHE JIMIIHUJIOB B
ouonornuecknx MmeMOpanax. - M. Hayka, 1972. - 259 c.

2. I'muka C.I'., bprosruna T.C., Bpetuk I'.M. "'azoxpomarorpaduueckuii MeTos
OTIpe/ieNICHUs JIMMIUIHBIX MOKa3aTesiel KPOBH MPHU UIIEeMUYECKoi Oosie3nu cepaua //
VYkpalHChKU KapA10J0r4HuN KypHaI. - 1998. - Ne 7-8. - C. 50-52.

3. Cazonenko JI.B., BitoBcekuii SI.M., bprosrina T.C. BuBYeHHs IimiaHUX
MOKa3HUKIB CHPOBATKH KPOBI y BariTHUX 3 MPEEKIAMIICIEI0 B TUHAMIII JIIKyBaHHS //
Menuuna ximis. - 2003. - Ne 1. - P. 86 - 88.

4. TyGepkynbo3 B YkpaiHi. (AHaIITUYHO-CTaTUCTUYHUHN N0BiAHMK). Kuis: Y
«lenTp rpomancbkoro 310poBsi» MiHICTEPCTBA OXOPOHU 370pOBs YKpainu»; 2021;
46 c.

5. TyGepkynp03 B YKpaiHi: aHATITUYHO-CTATUCTUYHUM TOBITHUK. Biamos. pej..
®emenko HOI, INomy6ounkoB MB, HizoBa HM, Cakanbceka OIIL. Kuis: Y «llentp
IpOMaJICEKOT0 310pOoBs» MiHICTEpCTBa OXOPOHH 3710p0Bsi YKpainm»; 2014; 13 ¢

6. lleatp memuunoi cratuctukun MO3 VYkpainu. TyOepkynbo3 B Ykpaini
(amamiTnuHO-cTaTUCTHUHUK noBimHMK 3a 2000-2011 poxm) / 3a pen. O.K.
Toncranosa. - K., 2012. - 98 c.

7. Mi-Sun Koo, Subbian S., Kaplan G. Strain specific transcriptional response in
Mycobacterium tuberculosis infected macrofages // Cell Communication and
Signaling. - 2012. - P. 10-12.

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 II). 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 Il 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 (Co 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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Anomauin. B pobomi posensoaromscsi pe3yivbmamu OYiHKU CKIA0Y HCUPHUX KUCIOM INidie y
cuposamyi Kpoei y Xeopux i3 1-2 noainamu wiyHKa Ha 2a30piouHHomy xpomamoepai cepii «L{eem
— 500y i3 nnasmo ioHi3ayiuHuM 0emeKmopom 8 izomepmiynomy pedxcumi. KinokicHy oyinky cknaoy
JHCUPHUX KUCTIOM Tinidie y cuposamyi Kposi y NayicHmié npu NOAINAX WIYHKA NPOBOOUNU 3d
Memo0oM HOPMYBAHHS NIOW WIAXOM 8U3HAYEHHS. NIKIG ix Memuniosux eipie ma ix uacmku (v %).

YV xeopux i3 1-2 noninamu wayHKaQ CKIAO JHCUPHUX KUCIOM JiNidié 3MIHI08ABCA |
Xapaxmepusyeascs 3pOCMAHHAM CYMAPHO20 6MICMY HEHACUYEHUX HCUPHUX KUCIOM (8 MOMY HYUCi
NOJi HEHACUYEHUX) MA 3HUNCEHHAM CYMAPHO20 8MICM) HACUYEHUX HCUPHUX KUCIOM, WO CELOYUMD
npo NopyuilenHs Memaoonizmy ninioie. 3IMiHU CReKmMpa HCUPHUX KUCTOM JINidie y cuposamuyi Kpoei
3anexdcams 8i0 HAABHOCMI YU GIOCYMHOCMI NOJNINIE Y WIIYHKY, WO C8IOYUMb NPO HeOoOXIOHICHb
KOpeKyii CKAA0y HCUPHUX KUCTOM NPU iX JTIKYBAHHI.

Knrowuosi cnosa: winynox, noninu, 1iniou, HCUpHi KUCIOMU, CUPOBAMKA KPOBL

Berym.

Y OlojoriyHux MeMOpaHax OpraHi3My JIIOJUHU MPOXOJATh MPOLECU
nepekucHoro okucHeHHs mimigiB (I1OJI), B pe3ynbTrari 4oro yTBOPIOIOTHCS >KUPHI
kuciotu (KK) [3]. V 3mopoBux oci6 0oOMiH pedoBHMH (B TOMY YHCHI JIMIAIB) €
30a7aHCOBaHUM, 1110 OOYMOBJIOE TI€BHE CIIIBBIAHOIICHHS CYMapHOTO BMICTY
HAaCUYCHMX, HEHAcW4YeHUX 1 moji HeHacudyeHux >kupHuX kuciaor (ITH XKK) y
CUPOBATIIi, TJ1a3M1 Ta 010JIOTTYHUX MeMOpaHax epUTpOUuUTIB KpoBi. [Ipn BUHMKHEHH1
MAaTOJIOTTYHHUX MPOLIECIB CMIBBIIHOIIECHHS >KUPHUX KUCIOT Y KPOB1 3MIHIOETHCS.

VY mpocBITI TOBCTOI KUIIKM MpHU OakTepialibHIM (epMeHTallli yTBOPIOETHCS
MacJisiHa JKMUpHa KUCI0Ta (KOPOTKO JIaHIIOroBa) [2]. MacisaHiil KUCJIOTI TpUTaMaHH1
MpOTU3aNaibHI Ta AHTUKAHIEPOT€HHI BJIACTUBOCTI, TOMY Je(PIIUT i€l KUCIOTH
CIIpUsI€E PO3BUTKY 3alajibHUX 3MIH y KMIIEUHHKY [2, 5]. B opranizmi JtoauHu OAHI1
KUPHI KUCJIOTU TIEPETBOPIOIOTHCA B 1HIII (TIPUEIHYIOTh UM BIAIMICTUTIOIOTH BYTJIEID),
TOMY PiBEHb KOPOTKO JIAHIFOTOBHX >KMPHUX KHUCJIOT TMOB'SI3aHUN 13 PIBHEM JIOBTO
JIAHITIOTOBUX KUPHUX KUCIIOT.

KupHi KUCIOTH € CTPYKTypHUMH €JIEMEHTaMH O10JIOTIYHUX MeMOpaH i
oesmocepenHbo O6epyTh yuacth y peakiigx I1OJI, Tomy iX sKicHI 1 KUIBKICHI 3MIHH
MOKYThb CBIIYUTH TIPO HASBHICTH MATOJOTIYHOTO TMPOIECY, MOr0 aKTHUBHICTH Ta
1HTeHCUBHICTH peakiiil [IOJI.

BuBYeHHs cHeKTpa >KUPHUX KHUCJIOT y CHpPOBATLl KPOBI J03BOJIAE OI[IHUTH
CTYMiIHb 3alajbHOrO MPOLECY 1 CTYyNiHb NOPYLIEHHS METabodI3My JIMiAiB Y
JTUHAaMIIl, JOMOMOKE MPOTHO3yBaTU MOJAJBIINK Tepedir 3aXBOPIOBaHHS 1 HOTO
3amajdbHUX 3MiH, KOHTPOJIOBaTH TMPABWIbHICTh MPU3HAYEHHS JIIKYBaHHS Ta
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MiBULIUTH KOro e(PEeKTUBHICTh Y XBOPHUX HA MOJINU IUTyHKA, BIUIMBAIOYM HA CTaH
KUPHUX KUCJIOT.

Metoro nociimkeHb Oya0 OLIHUTH CKJIaJ KUPHUX KUCIOT JIMiAIB y CUPOBATII
KPOB1 Y XBOPHX 13 MIOOJIMHOKUMH MOJIINaMH LIUTYHKA.

Marepian i meroaun. Hamu Oyno obcrexxeno 35 (52,2 %) 3mopoBux oci6d (I
rpyna, nopiBusiHHs) 1 32 (47,8 %) xBopux 13 1-2 noninamu nutynka (II rpyma). Bik
ycix o0cTexeHux cranoBuB Bif 30 10 75 poxkiB.

VY BuAIEHUX Tpynax XBOpI CYTTEBO HE BIAPIZHSIUCSA 3a BIKOM, CTaTTIoO,
pO3MipamMu MOJIIMIB, TOOTO TPYIH 00CTEKEHUX 0ci0 OyIu OJHOPIAHUMU 3a OLIBIIOIO
KUIBKICTIO O3HAaK iX KJIIHIYHOI XapaKTePUCTUKH, 110 A0 MOXJIUBICTh MOPIBHIOBATH
nU(pOB1 MOKA3ZHUKHU.

JocnipkeHHss  mpoBoauid  Ha  0Oa3t  kiiHIKA  Jlep)kaBHOT  yCTaHOBH
«HarionanbHuii 1HCTUTYT X1pyprii Ta TpancmianTosorii iMm. O.0. lanimoBa HAMH
VYkpainn» (aHuHi - HarioHanpbHUI HAyKOBHM LIEHTp Xipyprii Ta TPaHCIIAHTOJIOTii
imeni O.0. IllamimMoBa), Je 3HAXOIWUIIMCH XBOPl Ha JIIKyBaHHI (aMOyJaTOPHOMY 4YH
CTaIlilOHAPHOMY ).

3a mormomMoror (hidporacTpoyoACHOCKOIII BHUBYAIN CTaH CIIM30BOI 0OOJOHKH
NUTYHKA 1 JABAHAJIMTUIIANOI KUIIKA Ta BUSBISUIM y HUX mominu. [lig dac
€HJOCKOIMYHOTO JOCTIHKEHHS (30HI0M) a00 MpH MOJINEKTOMIi MPOBOIWIN 3a0ip
Marepiany modina anas Oioncii (3 METOH BUKIIOYEHHS YW MIATBEPIKEHHS MOTO
MaJtirHizari).

OuiHKy ciM30BOi 0OOOJOHKHM LUTYHKAa MPOBOJWIIM Bi3yaldbHO Yy BIAMOBIIHOCTI 3
€HJIOCKOIIYHUM pO3a1IoM XbIOCTOHCHKOT Moaudikaiii CimHeicbkoi kinacudikarii
XPOHIYHOIO racTpUTy (HaOpsK, rinepemisi, Yy TJIMBICTh CIM30BOi OOOJIOHKH, €KCYaT,
IJIOCKI YM MIJHATI €po3ii, rinepruiasis Ta atpodis CKIaA0K, BUIAUMICTb CYAUHHOIO
MaJTIOHKY, T1JICTU30B1 KPOBOBUJIUBH ).

®i0poracTpoayOI€HOCKOMIsI MPOBOAMIACH 3a JOIMOMOIOK €HJIOCKOMIYHHUX
amapariB 3 eHJI0BlieocucTeMOI0 (BUpoOHUITBA (hipMu «Olimpusy, SAmnoHis).

JUist OIIHKM CKJaAy >KUPHUX KHCJIOT y CHPOBATIl KpPOBI y XBOpUX [0
OMEepaTUBHOIO BTpPYy4YaHHsA HaTiie Opanu KpoB (3-5 Mil) 13 BEHH OAHOPA30BUM
IIIPUIIOM Y LHEHTpUdyxHY TpoOipky 06’emoM 10 Mt 1 ieHTpUdyryBaiu NpoTArom
15 xB. npu mBuAKOCcTI 1500 06epTiB 3a XBUIKHY. [1oTIM BepXxHiil 1map (CUPOBATKY)
BiiOUpanu minetkoro Ilactepa y neHTpudykHy NpoOIpKy s €KCTpakIii JIIiiB,
BUUICHHS (QocdomimiiiB, METUIIYBAaHHS 1 Ta30XpoMaTorpadiyHoro aHamizy KHUPHUX
KHCIIOT.

Cknag KupHHX KHCIOT (ocdomimiaiB CHpOBAaTKA KpOBI BHBYABCA Ha
razopimmHHOMYy Xxpomartorpadi cepii «llBer — 500» 13 mIa3Mo 1oHI3aNIHHUM
JAETEKTOPOM B 130TepMidHOMY pekumi. [IiaroToBky mpob 1 razoxpomarorpadiaHuii
aHaJli3 JMiAIB Yy CHUpOBATIi KpoBi mpoBoauiu 3rigHo meroauku JI.B. CazoHenko 1
T.C. bprosrinoi (2003) [4]. OuwiHKy CKJaay >XHUPHUX KHUCJIOT JIMNIAIB Y CUPOBATII
KpOBI MPOBOJWIM 32 METOJIOM HOPMYBaHHS IUIONI (IJISXOM BHU3HAYEHHS MIKIB 1X
METUJIOBUX e(ipiB Ta iX YacTKu), 10 BUpaxanu y BiacoTkax (y %) [1]. I[ToxuOka
BU3HAYEHHs MMOKa3HUKIB ckiaia + 10 %.

CratuctuHa o00poOka  pe3ynpTaTiB  JOCHIIKEHHS  MPOBOAWIACH  Ha
MEPCOHAIBHOMY KOMIT'IOTE€Pl 3 BHUKOPUCTAaHHSIM MaKeTa MPHUKIAJHUX MpOrpam
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Microsoft Office Excel, 2003, 2007. BiporigHuMu BBaKaJId PI3HUIIO MPU PIBHI
cTaTucTU4HOI 3Hauymocti p < 0,05, p < 0,01, p <0,001.

Marepianu KIIHIYHOTO AOCITIDKEHHS Oyld PO3TJSHYTI KOMICIEIO 3 THUTaHb
etk HarmonanpHOi MeauyHOl akamemil MmiciasaauiuioMHol ocsitd imeni [1JI.
Mynuka (HuHi — HamionanbHMl yHIBEpCHUTET OXOpoHU 310poB’s imeHi [L.JIL.
[lynuka), 1e 0yJi0 BHHECEHO PillleHHs, IO AOCIIHKEHHS BUKOHAHI 3T1THO Cy9aCHUM
HAayKOBUM CTaHJapTaMm, Oyiu mepeadadeHi 3axoad Mo 3a0e3NMeueHHI0 Oe3MeKu s
3I0pOB’sl Talll€EHTa, JOTPUMaHHA HOro TpaB JIOJCHKOI TIIHOCTI Ta MOpPaJIbHO-
€TUYHUX HOPM Y BIAMOBITHOCTI 10 MNPUHIMUIIB [ 'eIbCIHKCHKOT AeKiapallii mnpas
moauau, Konpennii Pagu €Bponu npo mpaBa JIIOAMHU Ta BiAMOBIIHMX 3aKOHIB
Ykpainu.

Pe3yabTaTu Ta ix 00roBopeHHsi. Y cupoBaTii KpoBi 310poBux ocio (I rpyna)
HAMHOUIbILYy YacTKy CKJIaB BMICT HAaCHMYEHHMX MXUPHHUX KHUCIOT, sIKI 3a0e3nevyBaiu
CTIHKICTB KIITUH KpoBi A0 mporieciB [10JI, menmry gactky — BmicT HeHacuueHux KK,
HalMEHIIly 4acTKy — BMICT 1ol HeHacuueHux JKK.

AHaJi3 HalluX JOCHIKeHB IT0Ka3aB, 10 Y CUPOBATIIl KPOB1 XBOPHX 13 MOJIIIaMHU
nutynka (II rpyma) 3poctaB cymapHuUii BMICT HEHACHYEHUX KUPHUX KUCIOT (B TOMY
YUCI TIOJII HEHACHYEHUX) Ta 3HIXKYBAaBCS CyMapHUN BMICT HACHUYEHHUX >KUPHUX
KHCJIOT.

VY martientiB Il rpynu BMICT HEHACHUEHUX KUPHUX KHUCIOT 3pocTaB a0 (54,7 +
1,8) % (p < 0,001) mpu (43,0 £2,0) % y 3n0poBux ocid (I rpyna).

Hocrosipue 3poctanns Bmicty [TH XKK B oci6 II rpynu (mo (39,0 = 1,6) %, p <
0,001) opu (18,8 £ 1,8) % y 3m0poBHX 0ci0 BiAOYBaJOCh Y pe3yJibTaTi 30UIbIICHHS
piBHs JiHONEBOI (Cis) Ta apaximoHoBoi (Cao.4) XKK. PiBenp minomeBoi KK (Cis:n)
3poctaB 10 (26,4 £ 1,5) % — B oci6 II rpymu (p < 0,001) npm (16,0 £ 1,4) % y
3nopoBux ocio (I rpyma, mopiBHIHHSA).

PiBens apaxigonoBoi KK (Cy.4) y XBOpUX Ha MOJINU HUTyHKa 3poctas j0 (11,3
+ 1,0) % (p < 0,001) mpu (2,8 = 0,3) % y 31m0poBHX OCi0, 1110 3aCBiAYY€ HASBHICTD
3aIajgbHOTO MPOLIECY.

CyMapHuil BMICT HACHMYEHHMX KUPHUX KHUCJIOT JOCTOBIPHO 3HIXKYBAaBCS Y
namientiB Il rpynu g0 (45,3 £ 1,8) % (p < 0,001) npu (57,0 £ 2,0) % y 3a0pOBUX
oci6 (I rpyma). Y cupoBaTiii KpoBi y XBOpPHX 13 MOJINaMy MUIYHKA 3’ SBISUIACH
mipuctuHoBa (Ci40) Ta Maprapunona (C;7.0) KK (p < 0,001), sxi BiacyTHI B rpyrmi
nopiBHsHHEA (1). V 11 rpyni kinekicts MipuctuHOBOI KK (Ci40) ckiana (9,5 £ 0,8) %,
a maprapunoBoi XK (Ci79) — (0,7 £ 0,1) %. Hassuicts mipuctunoBoi XK y
CHUPOBATIIl KPOBI y MAalli€HTIB 13 MOJIMAMHU IITYHKA CBIAYUTH PO €HIOKPUHHI 3MIHU
B iX oprasi3mi, a nosisa MaprapuaoBoi JKK 3yMoBiieHa mpHUCYTHICTIO OakTepiaabHOT
1H(eKIii.

Kinpkicte mambmiTiHOBOI (Ci60) Ta creapuHoBOi (Ciso) KK moctoBipHO
3HIKyBanack y xpopux Il rpynu: BiamosigHO 10 (28,6 = 1,5) % 1 (5,8 £0,6) % (p <
0,001) mopiBHSHO 13 370pPOBUMHU 0CO0aMH, Jie KIIbKICTh NanbMiTHHOBOI KK ckianana
(41,9 £0,9) %, a creapunoBoi — (15,1 £+ 1,3) %.

[Ticnst BCMOKTyBaHHSI JINIAA B OpPraHi3Mi JIIOJAWMHU TOTPAIUIIIOTH y KpPOB,
OMHUHAIOYM TE€UIHKY, SKa BIJITPa€E BXJIMBY POJIb y iX MeTa0oi3Mi Ta B YTBOPCHHI

ISSN 2567-5273 123 www.moderntechno.de



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

HNaJIbMITUHOBOI 1 CTE€ApUHOBOI JKUPHUX KHUCJIOT, TOMY 3HM)KEHHS KUIBKOCTI IMX
KHCIIOT y XBOPHX 13 TMOJIIMAaMU HUTyHKA € CBIAYEHHSM MOPYIIEHHS B HUX (PyHKIIT

BucHoBKHM i mepcneKTUBH MOJAJbIINX TOCTiIKEHbD.

VY xBopux 13 mominamu uuryHka (Il rpyma) ckman >KUpHHX KHCIOT JIMIAIB Y
CHUpPOBATI{i KPOBI 3MIHEHUH 1 XapaKTepU3Y€ThCS 3POCTAHHSAM CYMAapHOTO BMICTY
HeHacuueHux KK (B ToMy uumcii mosii HEHACHMYEHHUX) Ta 3HMKEHHSM CYMapHOTO
BMicTy HacnueHux KK, 110 CBITUUTH NpO NOPYIICHHS METa0O0II3MYy JiMiAiB.

3MIHU CKJIQ[y >KUPHUX KHUCJIOT JIMIAIB y CHpPOBATIl KpPOBI y XBOpHUX 13
MOOJIMHOKUMH TIOJIIMAaMHM UUIyHKa (HE Ouibllne 2-X) BHHHMKAIOTh Yy PE3yJbTari
nocuienux npouecis [1OJI Ta BiAKpUBatOTh NEPCIEKTUBY sl TIUOIIOTO 1 IMIUPIIOTO
PO3KPHUTTS MATOT€HE3y 3axBOproBaHHA. lle MoXe COpuaTH  MiABUIICHHIO
€(EeKTUBHOCTI JIIKYBaHHS Ta MPO(UIAKTUKU PELMJMBIB MOJIMIB MNUTYHKA, MHIISIXOM
3aCTOCYBaHHS B KOMIUIEKCHOMY JIIKyBaHHI 3ac001B, sIKl BILTUBaIOTh Ha ckiaa JKK.
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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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