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Introduction. Currently, sorghum is a sought-after fodder and bioenergy crop
worldwide due to its high drought resistance, tolerance to saline soils, and
adaptability to various types of soil. In Ukraine, sugar sorghum is utilized for silage,
green mass production, sugar, molasses, and ethanol extraction. The latter is derived
from the cell sap of leaves and stems, containing up to 20% sugar. Consequently, its
sap has been employed in the production of biofuels (biogas, fuel pellets, etc.) and
serves as a raw material for sugar, food syrup, and honey production [1, 2].

In Europe, the acreage devoted to forage sorghum has increased in recent years
due to the interest of agricultural producers. Unfortunately, in Ukraine, these areas
have decreased. The aim of cultivating any agricultural crops is to achieve a high
level of productivity that satisfies the needs for food and raw materials for further
processing. The study of the growth and development characteristics of sugar
sorghum defines productivity as an integrated indicator of the efficiency of the
investigated elements of cultivation technology, as well as the impact of soil-climatic

conditions and fertilization on the studied variety [3-5].
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Objective of the Study. The aim of the research was to identify the
peculiarities in the formation of biometric indicators and the yield of sugar sorghum
depending on fertilization.

Materials and Methods. The study was conducted in 2023 at the experimental
site of the Botanical Garden of Vasyl Stefanyk Precarpathian National University.

The soils of the research plot belong to the chernozem-podzolic surface-gleyed
type. In terms of mechanical composition, it is a heavy clay soil with a coarse
granular structure, characterized by a robust humus horizon (45 cm). The soil exhibits
the following agrochemical indicators: acidity, pH — 4.7; organic matter content
(%) — 2.71; soil nutrient content (mg/kg): nitrogen — 78.0, phosphorus — 43.0,
potassium — 98.0.

The study investigated six fertilization variants for sugar sorghum, with a
control variant without fertilizers (natural soil fertility), N3gP3Kzo, BLACK JACK X,
InterMag Titan, N3oP30K3y + BLACK JACK X, and N3oP3oKsg + InterMag Titan. The
research was initiated with a fourfold replication and randomized placement across
24 individual plots. The total research area was 0.008 hectares, with the accounting
plot area being 16 m?.

The experiments examined the impact of macro and micronutrients on the seed
productivity of the Favorit sorghum variety. This variety has been included in the
State Register since 2003. The yield in the Forest-Steppe dry subzone was 93.9 t/ha,
with seed yield at 32.8 t/ha. Disease incidence included anthracnose at 2.0% and
helminthosporiosis at 3.3%. Resistance in the Forest-Steppe zone was rated at 8.2 for
drought, 8.6 for lodging, and 9.0 for shattering. Protein content in the Forest-Steppe
zone was 10.1%, and fiber content was 28.2%. Days to maturity were 78 for dry
matter and 124 for seeds. The cultivation direction was for silage.

The agronomy practices for sorghum were generally accepted, except for the
specific technological measures under investigation.

Results and Discussion. The cultivation of sugar sorghum involves the
implementation of various agronomic practices, each playing a crucial and necessary

role in stimulating plant growth, development, and productivity formation. The
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Impact of specific aspects of cultivation technology on yield can manifest through the
optimization of growing conditions or the enhancement of the plant's physiological
state and its biometric indicators [3, 5].

One such indicator is plant height, which undergoes changes under the
influence of applied fertilizer rates and serves as a key characteristic of sorghum's
response to growing conditions. Scientists recommend harvesting sorghum in the
booting stage for hay, green fodder, and grass meal, in the heading stage for silage,
and in the milky maturity stage for grain and silage.

The height of sugar sorghum not only reflects the peculiarities of linear plant
growth but also determines the potential productivity of this crop. In fact, the result of
multiplying plant height by stem diameter serves as an average indicator of the
vegetative biomass productivity level. During the research, it was found that the
height of the plants ranged from 195 to 229 cm at the wax ripening stage, with the

tallest sorghum plants observed in variant 6.

The green mass yield averaged 45.6 t/ha over the research period in the control.
The application of nitrogen-phosphorus-potassium fertilizer increased the yield by
1.8 t/ha compared to the control. The growth regulator application (BLACK JACK
X) provided a yield of 49.2 t/ha, which was 7.3% higher than the control and 3.6%

lower compared to mineral fertilization.

The variant with the addition of titanium micronutrient fertilizer (InterMag
Titan) yielded 50.7 t/ha, which was 5.1 t/ha higher than the control. The highest yield
was observed in the variant N3)P3oKsg + InterMag Titan — 52.4 t/ha, representing a
13.0% increase compared to the control. Additionally, a high yield was obtained in
the variant N3P3K30 + BLACK JACK X —51.3 t/ha.

The contribution of the growth regulator BLACK JACK X to the formation of
sugar sorghum yield was 15%, while the contribution of titanium micronutrient in

combination with mineral nutrition was 21% (Fig. 1).
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Figure 1. Productivity of sugar sorghum variety
Favorit depending on mineral fertilization.

Conclusions. In the conditions of the Carpathian region, on
chernozem-podzolic soil, the application of mineral fertilizers, growth regulators, and
titanium micronutrient across all variants contributed to the development and
formation of higher productivity in sugar sorghum variety Favorit. The best yield
results for sugar sorghum were observed in the variants with the application of
N3oP30Kso + InterMag Titan — 52.4 t/ha and N3oP3K3g + BLACK JACK X —51.3 t/ha.

Therefore, the most optimal fertilization options for sugar sorghum seeds are
variants involving the integrated application of mineral fertilizers in combination

with humic growth regulators and titanium micronutrients.
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BUPOIIYBAHHSA TOBAPHOI PUBU
3A PI3HOI CTPYKTYPH NOJIKYJIbTYPU
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3100yBay BHINOI OCBITH
MuKkoJ1aiBCHbKOr0 HAIlOHAJILHOTO
arpapHoOro yHiBEpCUTETY

M. MukonaiB, YKkpaiHa

AHoTanisi: Y CcTaTTli NOJaHO PE3YJNbTaTH JOCIIIKEHb 3 BIUIMBY CTPYKTYpPH
MOMIKYJbTYpH Ha €(EeKTUBHICTb BHpPOIIYBaHHSI TOBapHOi puOu. BuBueHo
TAPOXIMIYHHUM CTaH CTaBIB 1 iX MPUPOJHY KOPMOBY 0a3y, CEpPEIHIO 1HJWBIAyaIbHY
Macy 1 Koe(ilieHT BroJOBaHOCTI Ta BHUXiJ JIBOJITOK BiJ  IOCAJKH,
pUOONPOIYKTUBHICT 1  PUOONPOAYKIIIO CTaBiB. BuszHaueHo e(EKTUBHICTH
BHUPOIIYBaHHS TOBAPHOi PUOM B 3aJIEKHOCTI BiJl CTPYKTYpPH MOMIKYJIbTYpH. BuBueHO
BIUIMB PI3HUX AaCMHEKTIB pecypco30epiraibHOi TEXHOJOTT Ha e(PEeKTHUBHICTD
BUPOOHMIITBA TOBApHOI PUOM y TMOJIKYJIBTYpl Ta BCTAHOBJICGHO JOIIBHICTH IX
3aCTOCYBaHHS.

Kuro4oBi cjioBa: rijpoxXiMiyHUN CTaH, CEpeIHs 1HIMBIlyalbHa Maca ABOJIITOK,

BUXI1]] BiJl TOCAJIKH, pUOOTIPOTYKTUBHICTh, BUTPATH KOPMY, PEHTA0CTHHICTb.

st Yipainu npoGiemu pecypco3depexeHHs 1 e(peKTUBHOCTI BUPOOHUIITBA B
arpapHiii cdepi € Haa3BUYAHO aKTyaJlbHUMH, BOHH BHU3HAYAIOTh CTaH E€KOHOMIKH,
MIPOJIOBOJIbYY HE3aJIEKHICTh 1 COLIAJIbHY CUTYAIIIIO.

B cyuacHiif ekOHOMIYHIM CUTYyaIlli Ta €eKOJIOTITYHOMY CTaHi 0COOJIMBaA yBara rnpu
peanizaiii JaHoi MporpamMu MPHUIIISETHCS OXOPOHI HABKOJIMIIIHHOTO CEPEOBUIIA,
CTBOPEHHIO pecypco30epirarounx, Oe3BIIXITHUX, E€KOJOTIYHO YHCTHUX TEXHOJIOT1H
PUOHUIITBA.

BupoOHuntBo pubu 0e3 BUKOPUCTAHHS 3aXOJiB 1HTEHCHU(DIKAIl IPYHTYETHCA
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Ha TOMY, IO 32 CBOIMU (pi3UKO-XIMIYHUMU Ta T1IpOOIOJOTIYHUMH TTapaMeTpamH, siKi
MOXXYTh OyTH JIMITYIOUUMH, CTaBH MPHU MPABUIHLHO BUOPAHIN HIUIBHOCTI MOCAAKU Y
MEePEBAXKHIN OUIBIIOCTI 3aJ0BOJIBHSAIOTH BUMOTHU I[IHHUX OO0’€KTIB TEIJIOBOJIHOT
aKBaKyJbTYpH.

Jlns BUpoOHUIITBA pUOU 3a TaKUX YMOB IMOTPIOHUN pETENHHUN MPOAYyMaHHUI
X170 10 BUOOPY TEXHOJIOT1i BUPOOHUIITBA pubHU Ta 11 mapameTpiB. B 3B’s3Ky 3 1IUM
HaMU OyJM TPOBEJCHHI AOCTIKEHHS MO BUPOOHUIITBY TOBAapHOi puOM B yMOBax
BUITACHOT aKBaKyJIbTYPH Ta 3 BUKOPHUCTAHHAM YJOOPEHHS CTaBIB 1 MiATOIBIICIO pPUOU
y IpYTiii TOJOBHUHI BETETAIIITHOTO MEPIOy.

Hocnimxkenns: npoogunuca y TOB “MuxkonaiBcbke ClLIBCHKOTOCIOAAPCHKO-
puOOBOIHE MIANPUEMCTBO” HA TPhOX HAryJIbHUX CTaBax. MeToro IOCHiKEHHs 0YiI0
BU3HAYEHHS! €(QEKTHUBHOCTI BHPOIIYBAHHS TOBApHOI pUOM 3a PI3HOI CTPYKTYypH
MOMIKYJIBTYpH B yMOBaX eHepros0epirarodoi TexHoJorii. bymu mocraBieHi Taki
3aBAaHHS: BHUBUMUTU TIAPOXIMIYHUI CTaH CTaBiB, iX NPHUPOAHY KOPMOBY 0azy,
IUHAMIKy pPOCTY JBOJITOK, iX BHXIJ 3 Haryjly, BHU3HAQUUTH pPUOOTrOCHOAAPCHKI
MOKa3HUKM Ta po3paxyBaTH EKOHOMIUHY €(QEKTUBHICTh 3aCTOCYBaHHS PpI3HOI
CTPYKTYpPH HOJIKYJIBTYpH B YMOBaX €HEPro30epirarouoi TEXHOJOTII.

OO6’€KTOM JOCIHIJKEHHSI CIYTYBaJIA JBOJIITKH KOPOMa 1 POCIMHOITHUX PUO.
[IpeameTrom nocmimkeHHs Oymu  abioTuyHi, OIOTMYHI Ta PUOOTOCHOAPCHKI
MOKa3HUKU BUPOIILYBAHHS IBOJITOK KOPOIA 1 POCIUHOIAHUX PHUO.

Jlocniay 1070 BUBYEHHS OCOOJMBOCTEH BHUPOIIYBaHHS TOBAapHOI puOu 3a
pPI3HOI CTPYKTYpU TOJIKYJIBTYpH B YMOBaxX pecypco30epirarouoi TEXHOJIOTIT
MPOBOJIMIIMCS METOJIOM TOPIBHAJIBHOI XapAaKTEPUCTUKHU JIOCHIIHUX CTaBiB MOMIXK
co0010 13 3aCTOCYBaHHSIM O10OMETPUYHOT OOPOOKH JaHUX (32 JTOTTOMOTOI0 TTPUKJIIATHIX

nporpam MS Excel).
Jlyist ipoBeiCHHS TOCII B OyJiM BUIUICHI TPU HaryibHI cTaBU. KOXXHHI 3 HUX

MaB pI3HI TEXHOJIOTIYHI MapaMeTpu Pecypco30epirarouoi TEXHOJOT1i BUPOILYBaHHS

TOBapHOI puOM y MOMIKYIbTYpi (Tab:m1.1).
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Taoauusa 1

CxeMa J0CTi’KeHb

CraBu [Tnoma TexHoNOriuHI MapamMeTpu
1 mocmi gt 8,5 BHECEHHS T0OpHB 1 miaromieis pubu, kopona — 50 %
11 nocnigauii 55 MACOBUINHA aKBaKyJIbTypa, kopora — 30 %
11 mocnignuit 4 MACOBHIIIHA aKBaKyJIbTypa, Koporna — 10 %

JlocnimkeHHs: TPOBOAMIUCH 3 TPABHSI MO KOBTEHb MicsAlb 2023 poky, Ha TPOX

HaryJbHMX cTaBax. JlaHi 100 XapaKTepUCTHK JOCIIJHUX CTaBIB IIOJaHl B

Tabnuin 2.
Taoaunga 2
XapakTepucTHKA T0CJIITHUX CTaBIiB
Jocaigai craBu
Iloxa3HuKH

1 II III
ITmoma, ra 8,5 55 4,0
IlinpHICTh MOCAOKHU, TUC.CK3./Ta 1500 1500 1500
B tomy umci: kopoma 750 450 150
POCITUHOITHIX 750 1150 1350

3apuOieHHs TPOBOAWIOCH IMPU CHIBBIHOLIEHH! BHUOpPaHUX KOMIIOHEHTIB
MOJIKYJIBTYpH — Yy nepiomMy ctaBy kopora 50% 1 pocaunoigaux 50 %, B TOMy 4UCIi:
o1i1oro ToBctosoouka 30 %, cTpokaroro ToBcronoduka 15 % i 6imoro amypa 5 %; y
npyromy ctaBy kopoma — 30%, pociaunoigHux — 70%, B ToMy 4uCHi: O1710TO
toBcTOJIOOMKAa — 50%, cTpokaroro toBctojioomka — 15% 1 Oimoro amypa — 5%; y
TpeTboMy cTaBy kopoma — 10%, pocmunoimux — 90%, B ToMy uwmcii: OUI0TO
ToBcTONOOMKa — 60%, cTpokaroro ToBcronoouka — 20% i 6imoro amypa — 10%.

JIsi KOHTPOJItO SIKOCTI BOJIM BifOip mpod poOwim y HaWTrIuOIIii yacTuHi
CTaBKa, 01151 BOJIOCITYCKY, PaHKOM (/10 a00 B MOMEHT CXOJly COHLIS) 3 TOBEPXHEBOIO
Ta MPHUJIOHHOTO TOPU3OHTIB (M0 TAMOMHKM 1M — TUIBKH 13 TNPUIOHHOTO, ITOHAJ
1,5 M - 13 nBOX 00piiB). [Ipu BigXuIIeHHI MOKa3HUKIB BiJ HOpMHU (OCOOIMUBO BIJTHOCHO
Bmicty O,, pH, mpo3opocti Boau) mpoOM BimOupanu y ACKIIbKOX XapaKTEpPHUX
CTaHIlISAX CTaBKa (KOPMOBI MICIISI, HA BUTOKY).

JlaHi orepaTUBHOTO T1APOXIMIYHOTO KOHTPOJIIO CTaBIB MOJIaHO y TabuIi 3.
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Taoaunga 3

CepeuHi Ce30HHI MOKa3HUKH ONmEpaTuBHOI0 KOHTPOJIIO SIKOCTI BOIH

IOCJIITHUX CTABIB

Jlocaigauii ctaB

IToka3Huk Hopmatus
I 11 111
[Tpo3opicTh '/, cepenuHM TIHOUHU CTaBY Iy Y, Y,
. 3enenyBari BiATiHkK Boau (540- HUXK4e
Koumnip Boan o . HOpMa HOpMa
580) mpu HOpMaIBHIH 11 IPO30POCTI HOPMH
Temmepatypa, 'C 22 — 29 24,8 248 248
pH 6,5-8,5 7,0 7,2 7,3
Bwmict kucHro, Mr/i 4-6 3,8 3,9 4.1
Crparudikauis 710 2 Mr/M° KucHio Ta 10 2°C HOpMa HOpMa HOpMa

3a JaHMMM OINEPATUBHOTO KOHTPOJIIO HaWKpaniii TiAPOXIMIYHHM CTaH
CIIOCTEPIraBcs y TPETbOMY JIOCIITHOMY CTaBy. BCl MOKa3HUKH BOJM BiJNOBIAAIH
HOPMI, a 32 BMICTOM KHCHIO 1 BOJIHEBUM MOKAa3HUKOM CTaB MaB HaWBHUII MMOKa3HUKHU.
[lepmmii mociigHuil cTaB TUIBKKM 3a CTpaTU(iKaIi€lo, BOJHEBUM IMOKA3HUKOM 1
TeMIepaTyporo BIMOBIIaB HOpMAaTUBaM, a 3a MIPO30PICTIO, KOJIbOPOM BOJHU 1 BMICTOM
KHCHIO MaB TMOKa3HUKHU HIbkue HOpMmH. OTKe, 3aCTOCYBaHHS YIOOpEHHS CTaBy 1
MIArOIBISA PUOM IITYYHUMH KOPMaMHM IPHU 3aCTOCOBAHIM IIUIBHOCTI 3apUOJICHHS 1
CTPYKTYp1 MOJIKYJIbTYPH HETaTUBHO BIUTMHYJIU HA JESIKI TOKA3HUKHU T1IPOXIMIYHOTO
ctany. JlJig OIiHKM IPUPOIHOI KOPMOBOI 0a3H y cTaBax MPOBOIWIM T1APOOIOIOTIUHI
JOOCHIKEHHS, Kl  BKJIIOYAJIA  KOHTPOJb 33  PO3BUTKOM  (DITOIJIAHKTOHY,

300IUTAHKTOHY Ta 3000€HTOCY (Tab. 4).
Taoauus 4

XapakTepuCcTHKA NPUPOTHOI KOPMOBOI 0a34 IOCTiAHUX CTABIB

Crasu Micsims <1)iT3onnaH1<T0H3 30gHHaHKTOH S 330066HTOC ;
eK3/M /M eK3/M /™M eK3/M /™M

= 4epBEHb 33942 13,196 30400 0,366 558 2,03
& JTHTICHb 39158 15,225 23200 0,279 523 1,91
E CepIIcHb 26434 10,278 7000 0,084 281 1,02
= cepeHe 33178 12,943 20200 0,243 454 1,65
= 4epBEHb 31579 10,341 26100 0,319 575 2,09
& JTATICHb 38689 12,668 22300 0,272 223 1,90
— 5 cepIieHb 27781 9,096 6800 0,082 289 1,05
= cepeHe 32683 10,765 18400 0,224 462 1,68
= 4epBEHb 31115 10,421 25600 0,318 586 2,13
— & TTHTICH 35216 11,793 20100 0,251 528 1,92
=g ceprieHb 27416 9,182 6800 0,085 314 1,14
= cepeiHe 31249 10,464 17500 0,218 476 1,73
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[inbHICTh TTOCAJAKK MTOCTATHHO BIUIMBAJIAa HA PO3BUTOK MPHUPOAHOI KOPMOBOL
6a3u. [Ipu 301TpIIEHH]I MUTOMOT Baru pOCIUHOITHUX pUO Kpalle BUKOPHUCTOBYBAIHUCS
IJIAHKTOHHI OPTaHi3MH - 300IJIaHKTOH 1 (PITOTIAHKTOH.

[Tpu 30inbIICHH] y CTPYKTYpPl MOMIKYJIBTYpH MUTOMOI YAaCTKH POCIUHOITHHUX
pub Kpaille BUKOPUCTOBYBajacs MpUpPOJHA KOpMOBa 0a3a CTaBiB, IO IMiATBEPIUIH
JlaH1 TPETHhOTO AOCIIIHOTO cTaBy. [IpruuomMy 3MeHIIMIACS MIUIBHICTH (PITOTUIAHKTOHY,
10 CBITYUTH MPO HOro IHTEHCUBHE BUKOPUCTAHHS OLTUM TOBCTOJIOOMKOM.

31 30UIBIICHHSIM HIUIBHOCTI MOCAJAKU POCIUHOINHUX puO, 1, B MEpIIy yepry,
CTPOKATOrO0 TOBCTOJIOOWKA, 3MEHIIyBajacs OioMaca 300IUTAHKTOHY. HalimMerri
MOKA3HUKKW Horo OiloMacu BIIMIYEHO Y TPETbOMY JOCHIAHOMY CTaBy, JI€
CIIBBIHOIIEHHSI KOMIIOHEHTIB TMOJIKYJIbTYpH CTaHOBWIO: kopoma 10 %, Oinoro
ToBcTONOOMKA — 60 %, cTpokaToro ToBcronobuka — 20 % i 6ijoro amypa — 10 %.

3MEHIIeHHS TUTOMOI Baru Koporna y noJikyasTypi 10 30 % 1 MeHIe mpu3Besno
710 HEJTOCTATHHOTO BUKOPUCTAHHS OCHTOCY, AK I[IHHOI TPYIH MPUPOTHOTO KOPMY.

[Ipy KOHTPOJNBHUX JIOBAX, SIKI IPOBOJMJIMCS JIBI4l HA MICSlb, BUMIPIOBAJIACh
cepeaHs 1HIMBiAyallbHa Maca pUOM JOCIITHUX CTaBiB 1 MOPIBHIOBAJIACH MOMIK CO0O0I0
Ta 31 ctanaaproM. HaliOunbioi cepeHboi 1HAMBIAYaIbHOT Macu JBOJIITKH KOpPOIa
JTOCSTIIM Y TPEThOMY IOCIIAHOMY CTaBy, a O1J0r0 TOBCTOJIOOMKA, CTPOKATOTO
TOBCTOJIOOMKA 1 01100 amypa — y nepiomy. [1lo moB’s3aH0 3 MOPIBHAHO HEBEIUKOIO
HIITBHICTIO TIOCAIKU JABOJIITOK UX BUAIB puO. KpiMm Toro, HeoOXiTHO BIAMITUTH, IO
cepenHs I1HAMWBIAyallbHa Maca JBOJITOK KOpOMa Yy BCIX JOCHIIHUX CTaBax
MepeBUIlyBajia CTaHAapTHY BiAnoBiaHO Ha 281 1 (56,2 %), 62 1 (12,4 %) 1 55 r
(11,0 %). Otxe, 3acTOCYBaHHS MOJIKYJbTYpH 3 MUTOMOIO YacTKO Kopoma 50 % i
MEHIIIE JI03BOJIHJIO 03 OCOOMMBHUX BHUTpPAT OTPUMATH TOHAJCTAHIAPTHY TOBAPHY
Macy. Pi3HuIIS MK MOKa3HUKAMH MacH JIBOJIITOK KOPOIIa TPEThOrO JOCIITHOTO CTaBy
Ta MEPIIOro 1 IPYroro BiAmoBimHO cTaHoBWIA 226 T (40,7 %) 1 219 1t (39,0 %), mo
MOB’SI3aHO 3 TIAPOXIMIYHUM PEKUMOM CTaBY, PO3BUTKOM MPUPOTHOT KOPMOBOI 0asw,
BHACIIIJIOK ONTUMAJIBHOIO ii BHUKOPHUCTAHHS 3a PaXyHOK 3aCTOCOBAHOI CTPYKTypHU
nomkyneTypu — 10 % xopoma 1 90 % pocnuHOimHUX pUO Ta MPaBUIHHOI OpraHizaiii

BEJICHHSI pUOHUIITBA.
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HeoOxigHO BIAMITHTH, IO JBOJITKH KOpOMa JPYroro AOCHIAHOTO CTaBy
MEPEBUILYBAIN 32 CEPEIHBOIO 1HAMBIAYAIBHOIO MACOI0 JIBOJITOK MEPIIOTO JIUIIE Ha
7 1. OTKe, MIATOMIBIS IITYYHUMH KOPMaM{ HaBITh MpPH HAWOLIBIIINA IIUIBHOCTI
mocaaku y modikyasTypi (50 %) mama MOKIMBICTH OTPUMATH TOBAapHOTO KOpPOIIa
MOHA/ICTaHJAPTHOI MAaCH.

be3 BHeceHHs 1OOPUB 1 MIATOIBIII IITYYHUMH KOPMaMH TPH BEIUKIN MATOMIM
YacTIi Y MOMIKYJBTYpP1 ABOJITKH IIBUIKO i iadu MPpUPOIHY KOPMOBY 0a3y CTaBiB,
HE MOTJIM 3aJIOBOJILHUTH CBOIO MOTpeOy B TKI y MOBHIM Mipi, a TOMYy PpICT iX
VIOBUTFHUBCS 1 BOHH HE 3MOTJIA JOCSITTH BHUCOKOI CEPEHbOI 1HIWUBIIyaIbHOI MacH.
ToMmy nBONITKM OUIOrO 1 CTPOKATOrO TOBCTOJIOOMKIB Ta O110ro amypa Mald
HalMEHIIly Macy y TPETbOMY JIOCIITHOMY CTaBy, a KOpora — y Mepiiomy.

JIBOMITKM OUIOTO 1 CTPOKATOrO TOBCTOJIOOMKIB JOCATIN 1 JIEIIO MEPEBUIIUIN
CTaHJApTy Macy JHIIe Yy TMepuoMy JIOCIiTHOMY CTaBy, J€ IHUTOMa Bara Yy
MoNiKyIbTypl Oyna HaliMeHmoro 1 craHoBuina 50 %. Y japyromy 1 TpeThOMy
TOCITITHAX CTaBaX BOHU MaJld CEPEIHIO 1HAUBIAyadbHY Macy HIKYe HOPMATHUBHOI.

Buxin 1BoTOK po3paxoByBaBCs MO 3aKIHYCHHIO BUJIOBY, 1110 MalkKe BC1 CTaBH
JOCSITJIM  HOPMATHUBHOTO BUXOJY JABOJITOK 1 MEpeBUIIWIM Horo. Pi3Hunsg 3
HOPMaTHBHUM TOKa3HUKOM CTaHOBMJIA BIJIMOBIAHO 10 cTtaBax 5,7 %, 3,7 % 12 %. Y
MEpIIOMY JOCIITHOMY CTaBy 3arajbHUN BUXIJ JBOJIITOK HAWBUIIUN 1 MEPEBUIIMB
HOpMaTHBHUH Ha 5,7 %, o kopomy — Ha 4,9 %, o 6imoMy TOBCTOJIOOMKY — Ha 6 %,
M0 CTPOKATOMY TOBCTOJIOOMKY — Ha 7,1 %, o O6itoMy amypy — Ha 8 %. HalGinbmmii
BUXIJ [0 KOpONYy MaB MNeplud nocmiaHuid ctaBok. [lo OultoMy 1 cTpokaromy
TOBCTOJIOOMKAM HaWKpalll MOKa3HUKMA CIHOCTEpPIralucs TaKOoX y Meplomy
nociigHoMy ctaBy. binuit amyp B ycix BapiaHTax AOCIIPKCHHS MaB BUCOKUU BUXIJ,
0 MOSICHIOETHCS HOTO HEBEIMKOIO MUTOMOIO YACTKOIO Y MOJIIKYJBTYPI 1 JOCTATHBOIO
KOpMOBOIO 0a3zoro. Bce 1e 3yMOBJIEHO 3aCTOCOBAHOIO IHIIBHICTIO MMOCAAKH Y
MOTIKYJIBTYP1 — YMM MEHIIIAa TUTOMA Bara JaHOTO BUJY JBOJIITOK, TUM KpaIIlHi BUXI1
BOHU MaJIu.

[Ipu 3actocyBaHHI pecypco30epirarodoi TEXHOJIOTII 3a pi3HOI CTPYKTYpH

MOJIKYJIbTYPY BU3HAUCHHS €()EKTUBHOCTI BUPOOHUIITBA MPOBOIAUIIOCS MO KUIHKOCTI
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BUPOIIEHOI pUOM HA OJMHUINIO IUIOU, i1 CepeAHi 1HIMBIAyalbHIA Maci, IO
pUOOIIPOAYKTUBHOCTI 1 pHOOMPOAYKIIii CTaBiB, COOIBAPTOCTI TOBAPHOI pUOH 1 TOXOTY
BiJ 11 peamizanii (Tabm. 5).

Tabuanuns 5

ExonoMiuHa e()eKTUBHICTH BUPOIIYBAHHSA JBOJIITOK

) C— | I[ocmzlﬁnn CTaB -
1{inBHICTh MOCAAKH, €K3./Ta 1500 1500 1500
Buxing asomnitox, % 85,7 83,7 82,0
Pubonponykuis, Kr/ra 862 790 766
Co06iBapricTh 1 11 TBOJIITOK, TPH. 857 868 881
Peanizaniiina mina 1 11 ABONITOK, IPH. 1200 1200 1200
Opepxannii TpuOYyTOK, TPH. /Ta 2957 2623 2444
[TpubyTok Ha 1 1, TpH. 343 332 319
PentabenpHicts, % 40,0 38,2 36,2

Co06iBapTicTh 1 1 TOBapHHUX JBOJITOK KOpoma 1 PpOCIMHOIZHUX PHO Y
MOJIKYJIBTYP1 B TOCTIAHUX CTaBaX Pi3HUIIACS TOMIXK CO0010. Y MepIIomMy JOCHITHOMY
CTaBy BOHa Oyla HAMHM)KYOIO 1, B MOPIBHSAHHI 3 IHIIMMH, PI3HMIS CTaHOBHIIA
BianoBigHO 11 rpH. (1,3 %), 24 rpH. (2,7 %).

HaiiGinpmmii mpuOyToK OTpuMaHO B mepuiomy jgochigHomy crtaBy. o
MOSICHIOETBCSI 3aCTOCYBAHHSM YIOOpEHHsS CTaBIB Ta MIATOAIBICI0 PUOM Yy JpYTid
MOJIOBUHI BETeTaIlIfHOTO Tepioay, SKI JaJid MOXKIUBICTh OTPUMATH BHUCOKY
pUOONPONYKTUBHICTh (OCOOJIMBO KOpOMA) MpPU MOPIBHSIHO HEBUCOKIA COOIBAPTOCTI
puOH. Brucokuii BuXija ABOJITOK, JOCTATHHO BUCOKA CEPEIHS 1HAUBITyallbHA Maca, SIK
KOpOIia, TaKk 1 pOCIMHOIMHUX pUO 3yMOBWJIM BUCOKY pHOONPOIYKTHUBHICTH. Bcee 11e
MIPU3BEJIO 10 HU3bKOI COOIBAPTOCTI, a OTHKE J10 BUCOKOTO MPUOYTKY.

HeoOximHo BiI3HAUMTH, IO BC1 JOCIIIHI CTaBH PEHTA0ENbHI, aje HalOUIbITy
peHTAa0ENbHICTh MA€ MEPIIN JOCTIAHUN CTaB, A€ Y CTPYKTYpI MOMIKYJIbTYpH MUTOMA
yacTka kopona craHoBuia 50 % 1 puba miarogoByBanacs ITYYHUMU KOpPMaMH i
BHOCHWJIUCS JOOPHBA JIJII ONTUMI3AIlT pO3BUTKY MPHUPOTHOI KOPMOBOT O6a3u CTaBy.

BukopucTaHHs NOJIKYJIBTYPU 3 BEJIMKOK YACTKOIO POCIUHOIAHUX pUO (TpeTiid
JOCIITHUM CTaBOK) J1ajl0 HE3HAYHWM HEraTUBHUW €(eKT — B MOPIBHSIHHI 3 JAPYTUM
JOCIIITHAM CTaBKOM 30UIbIIUIAch cOOiBapTicTh 1 11 nuimie Ha 13 TpH., 3MEHIIUBCS

NpUOYTOK, 3HU3WIIACS PEHTA0EIBHICTh BChOro Ha 2 %. 30LIbIIEHHS MUTOMOI Baru
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POCTUHOITHUX pUO y MOMIKYJBTYPl MPH HEBUCOKIN HIIIBHOCTI MOCAAKH MO3UTHBHO
BIUTMBAE€ HA 3MCHIIICHHS BUTPAT Ha BUPOIINYBAaHHS 3a PaxXyHOK 3HMKEHHS BapTOCTI
pUOOIOCaIKOBOIO MaTepially, Kpamioro BUKOPUCTAHHS MPHUPOAHOI KOPMOBOI 0asu
CTaBIB 1 1I03BOJISIE OTPUMYBATH BUCOKY €EKOHOMIUHY €(DEKTHBHICTD.

ExoHoMiuHa e(eKTUBHICTh PUOHMIITBA 3HAYHOIO MIPOIO 3aJIEKUTh BiJ SKOCTI
IPOJYKINi 1 MOBHOIIHHOCTI 1i BUKOPUCTAHHsS. 3 MiABUILCHHSIM SIKOCTI MPOIYKIIIi
3pOCTalOTh peati3aliifHi I[IHK Ta PEHTA0eIbHICTh PHUOHWIITBA B TOCIOJAPCTBaX.
Po3Butok pubOHMITBA Tependadac BUKOPUCTAHHS MPOTPECUBHUX (OpPM oOpraHizarii
BUPOIIYBaHHs TOBapHOi pubu. ToMy Ha TemepiliHiid 4ac, BUXOIIYN 3 MOKIUBOCTEH
rocloJIapCcTB, HEOOXIMHO  3aCTOCOBYBAaTH  pecypco30epirarouyy  TEXHOJIOTIIO
BUPOOHMIITBA pHUOU, fAKa Tependayae 3aCTOCYBaHHS CTPYKTYpU MOJIKYJIBTYPH 3
MMUTOMOI0 4YacTKow pochuHoigHux pud 70 % Ta MacOBUINHY aKBaKyJIbTypy 3
BUKOPUCTAHHSAM Y TIEPIIii MOJOBUHI BETreTaIlIMHOIO Mepioly yIOOpEeHHS CTaBIB IS
onTUMi3alii po3BUTKY MPUPOJHOI KOPMOBOI 0a3u CTaBiB, a B JPYrid MiATOMIBIIO

pUOM IITYYHUMH KOPMAMH.
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YK 639.3:658.265
BUPOLITYBAHHSA KJIAPIEBOI'O COMA B YCTAHOBKAX
3AMKHEHOI'O BOAOITIOCTAYAHHA B YMOBAX HHIIILI

Janmnbuyk I'ajiuHa AHaToJiiiBHA,
KaHJUJIaT C.-T. HAYK

Maubopko Ceitiiana AHaToJliiBHA
3100yBay BHINOI OCBITH
MuKkoJ1aiBCHbKOr0 HAIlOHAJILHOTO
arpapHoOro YHIBEPCUTETY

M. MukonaiB, YKkpaiHa

AHoTanisi: Y cTarti mpelcTaBiieHl pe3yJbTaTH JOCHIIKEHHS 0COOIUBOCTEMN
BHUPOIIYBaHHS KJIapI€EBOrO COMa B MIHI-yCTaHOBIIl 3aMKHYTOI'O BOJOIOCTaYaHHS.
BuBueHO OCHOBHI TEXHOJOTIYHI €Talmy BHUPOIIYBaHHS KiapieBoro coma B Y3B,
BU3HAYEHO OCHOBHI MapaMeTpyd YMOB ICHYBAHHS PUOM Ta ONTHUMAaJbHI MapameTpu
IIIJTBHOCTI MOcaku. BcTaHoBIeHO e(EKTHBHICTH Ta AOLUIBHICTh BUKOPUCTAHHS
kopMiB ¢ipmu Alltech Coppens.

KurouoBi cioBa: kimapieBuil coMm, yCTaHOBKA 3aMKHYTOTO BOJOINOCTAa4YaHHS,

TEXHOJIOTTYHUN UKL, IIUTHHICTh TTOCAJIKH, KOPMOBI BUTPATH.

Exonoriyni oOMEXEHHsI, COpPAMOBAaHI Ha MIHIMI3alil0 3a0pyJHEHb Bij
pUOOBOJHUX 3aBOMIB 1 aKBaKyJIbTYpHHUX TOCIOJAPCTB B KpaiHax CBITY CHPHUSIIH
[IBUKOMY TE€XHOJOTIYHOMY PO3BUTKY YCTAHOBOK 13 3aMKHYTHM BOJIOTIOCTAYaHHSIM
(Y3B), ski 3a0e3nedyloTh BHCOKE 1 CTaOUIbHE BHUPOOHMIITBO  MPOIYKINIT
aKBaKyJbTYPH 3 MCHIIIMM PU3UKOM BHHHKHEHHS XBOPOO Ta Kpaill MOMJIHUBOCTI JJIs
KOHTPOJIIO MMapaMeTpiB, 110 BIUTMBAIOThH HA PICT 1 PO3BUTOK PUOH.

3acrocyBaHHd Y3B y MpoMHCIOBOMY pPHOHMIITBI Ja€ psJ He3alepeyHHX
nepeBar y MopiBHAHHI 13 KIIACHYHUMU METOAAaMU, TAaKUMHU SK BUPOILYBaHHS puOU B
ctaBax. Y3B sBise co0Ol0 3aMKHEHY CHUCTEMY, NpHU3HAYEHY Uil MIATPUMKU
ONTUMAJIBHUX YMOB KUTTEIISTTLHOCT] BOJTHUX OPTaHI3MiB.

VYcebiuHa TexHIYHA 030POEHICTD 1 BUCOKHUI PIBEHb pUOONPOAYKIIIT JO3BOJIAIOTH
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BBAKATH 1HAYCTpiajJbHE PUOHMIITBO BHUIIOK (HOPMOIO Cy4YyacHOi MPICHOBOOI
aKBaKyJbTYPH.

BBakatounm akTyajdbHUM JaHE MUTAaHHA HaMH OYJM MPOBEACHI JOCIIIKEHHS
TEXHOJIOT11 BUPOIILYBaHHs KJIapieBoro coma y MoayibpHii cucremi HHITLI.

MeTtoto gocinikeHb 0yJI0 BUBYEHHSI OCOOIUBOCTEN TEXHOJIOTIi BUPOIIYBAHHS
puOM B YCTAaHOBKAX 13 3aMKHEHUM BojonocTtadyaHHsaM. O0’€KTOM JIOCTIHKEHHS OyB
knapieBuii com. [IpeamMer mocnipkeHHs — CyKYMHICTh €KOJIOTTYHUX 1 TEXHOJIOTTUHUX
napaMmeTpiB BUPOLILYBaHHS KiapieBoro coma B Y3B.

Jlnst  mocmipKeHb  MIOMO  3°SCYyBaHHS — TEXHOJOTIYHUX  OCOOTMBOCTEH
BHUPOIIYBaHHS KJIApIEBOIO COMa B yMOBax OaceilHIB BUKOPUCTOBYBAJIM MiHI
YCTaHOBKY 13 3aMKHYTUM Bojornoctadanasm (Y3B).

BHpOIIyBaHHS TOBAPHOI PUOH 3/ifiCHIOBAIOCS y ABOX GaceifHax IUIOMIEIo 5 M2
3 mbunoo 1,2 M (06°eM 6 M°). IL[inbHICTH MOCAIKM HA MOYATKY BHPOIIYBAHHS
craHoBHIa 22 Kr/M%, B KiHI[ BUpOLTyBaHHs 61t 300 Kr/m.

JInst nociiakeHb BUKOPUCTOBYBAIIM CydacH1 (PI3MKO-XIMIYHI, FAPOO10JIOT1YHI,
PUOHUITLKO-010JIOTIYHI, TEXHOJIOTIYHI Ta MaTeMaTH4Hi, 3arajlbHONPUUHATI Y

PUOHUIITBI METOIUKHU.

BuponryBanHs Ki1api€eBOro coma MPOBOAMIIOCS Yy HaBUYaJbHO-BUPOOHUYIN
nabopatopii puOHuurea HHIILL MHAY 3 apyroro TexHosoriyHoro umkiy. LIukmn
BUPOIIYBaHHS MaJIbKiB TPUBaB M0 MicsIsl. BuponryBaHHS MalbKiB TMOYMHAIA 3
BiJICOPTOBaHMX JIMYMHOK MNUTOMOIO Macowo 2-4 r. IllinbHicTe mocaaku pubdH
MJIaHYBaJIM 3aJI€KHO BiJl KIHLIEBOI MUTOMOI Macu MOJO[l; 00'eMy OaceiiHy; TepMiHY
BHUPOIIYBaHHS MOJIOJII O€3 COPTYBaHHS, MUKy BHPOOHHIITBA. [ OMIBIIO MajbKiB
MPOBOAWIM BPAaXOBYIOUM, IO pallioH KOPMY Ma€ CTaHOBUTH 10 5% Macu puo.
Jlo6oBwii pailioH KopMy AWM Ha 4-5 npuitomiB roaismi. ['ogyBanu BpydHy.

Tperiit eran BuponryBaHHs apUKAHCHKOTO KIIAPIEBOTO COMa MPOJIOBKYBABCS
no 60 auiB. Pubu Bxe manu cepeanio macy a0 200 r. Mictkicts Oaceitnis 6000 M
[{inbHicTs mocamku 2 ex3./am° (2o 18 1); 1 exs./am® (o 30 ). TemmepaTypa BOIH 10

28°C. TomyBanu mjaBy4MM KOpMOM o00OcsiroM 10 5% 3aJle)KHO BiJI Macu Tiia

29



BpPYYHY JI0 YOTUPHOX pa3iB Ha 100y.

OcTanHiif 4eTBepTHl eTan BUpoIyBaHHs TpuBaB 3 micsii. Cepenns maca pud
o 1500 r. lineHicTs mocanku He Oubiie 300 ex3./mM* Oaceitny. TemnepaTtypa Boau
no 28°C. I'oxiBiro mpoBOIWIM TJIABYYUMHU KopMaMu oocsiroMm 110 4 % Bix macu pud

YOTUPH Pa3u Ha 100y BpyUHY.

Bona, mo BukopucTOBYBajacsi, MNpuaaTHa IJIs CHCTEMH 3 3aMKHCHUM
BOJIONIOCTAYaHHAM. YCl MOKa3HHUKH, IO JOCIIIKYBAINUCS, 3HAXOIUIIMCS y MeXax
ONTHUMAJIBHUX HOPM I KJIapieBoro coma. JlochipkeHHS BOAW B PHUOOBOJTHHX
OaceiiHax BHSBWIO JIESIKEe KOJMBAHHS OCHOBHHMX TIOKa3HHMKIB. OjHaK cepemHe
3HAUCHHS IIUX TIOKA3HHWKIB HE TMEPEBUIIyBajIO JOMYyCTUMI HOpMHU. BiamideHni
MIePEBUIIIEHHS Oyl KOPOTKOYACHI Ta HE MaJIM HETaTUBHOTO BIUIMBY Ha BHUPOIIYBaHi
00’ €KTH.

Monoas kiapieBoro coma macorw 2-4 Ty TpaBHI Oylia rmocajpkeHa B OaceitHu
06'eMoM 6 M° MpU IILIBHOCTI ocaaku 220 eK3/M° (BapianT 1) Ta 260 ex3/m> (BapiaHT
2). IpoTsroM MmiBpoKy prba BHPOLIYBanach mpu cepemHiii emmeparypi Bomu 28°C.
Kosxuuit Mics1ib MpOBOAMIA COPTYBAHHS Ta 3BaXKYBaHHS.

[oxiBns ki1apieBOro coma 31MCHIOBANACs T'PaHYJIbOBAaHUMHU MPOIYKIIHHUMHU
kopMmamu Grower-13EF ta Pre Grower-15EF Bix BupoOnmka Alltech Coppens.

HaiiGinpmmii TemMn pocTy crocTepiraBcs y KiaapieBoro coma Ha kKopwmi Pre
Grower-15EF, B kiHIll BUPOIIIyBaHHsS BOHHM BUIIEpEIKaiu 3a Macoro Ha 13 % rpymy

pu0, ToiBIIS SIKUX 3AiMcHIOBaIack kopMoM Grower-13EF (tab6i. 1).

Cepennbo1000BHiIl TIPHUPICT 1 KOEDIMIEHT MACOHAKONMUYCHHS TIPU TOJIBII pUO
kopmoMm Pre Grower-15EF Tpoxu Bumi 1 maroTh 3HadeHHa 8,39 Tta 0,0875
BinnoBinHO. Hatowmicte mpu romiBmi pub kopmom Grower-13EF 111 moka3zHukH
cranouiu 7,34 ta 0,0819 BigmmoBigHO.

EdeKkTuBHICT BHUKOPUCTAHHS KOPMIB 3alIeXUTh BII psay (GakTopis,
OCHOBHHMH 3 SIKHX €: JIOTPUMaHHS TEXHOJOTIi BHPOIIYBaHHS pUOH, TOYHICTh

pPO3paxyHKiB J0OOBOr0 palioHy, JOTPUMAHHS PEKUMY TOAIBII.
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Taoauusa 1

Iloka3HUKHM POCTY KJIApi€BOro coma

IToka3HUKH Grower-13EF Pre Grower-15EF
[TouaTkoBa Maca BUPOIIyBaHH; 102+ 0,84 (C, —12) 102+ 0,84(C, — 12)
KinmeBa maca BUpOITyBaHHS 1203,6 £ 0,84 (C, —12) | 1360,2+ 0,84 (C, — 12)
AOCONIOTHUI TIPUPICT 1101,6 1258,2
CepetHbOTI000BUH TTPUPICT 7,34 8,39
KoedimienT MmacoHaKOTTMYEHHSI 0,0819 0,0875
TpuBanicTs BUPOIITYBaHHS 150 150

BukopucrtanHs cy4aCcHMX BHMCOKO E€HEPreTHYHHUX KOpMIB Uil pud BUMAarae
neBHOi1 obepexHocTi. HaliBaxknuBimmnMu ¢(akTopaMu TYT € PETEIbHUI PO3paxyHOK
palioHy ¥ TO4YHE J03yBaHHA MpU TOAIBII. 3arajgbHl pe3yJbTaTH BHPOILYBaHHS
KJ1apieBoro coma B Y3B npu rojiiBii pi3HUMH KOpMaMH MPECTaBICH] B Ta0uii 2.

Tadauus 2

Pe3yibTaTH BUPOIIYBAHHS KJIAPI€BOI0 COMA HA Pi3HUX KOpMAax

[Toka3zHuku Grower-13EF Pre Grower-15EF
[{i7pHICT TTOCAKH, €K3/M2 214 214
KI/M2 22 22
BChOT'0O €K3/0aceiiH 1070 1070
IToyaTkoBa Maca BUpOLTyBaHHS 102+ 0,018 102+ 0,020
KinneBa maca BUpOITyBaHHS 1203,6+ 0,24 1360,2+ 0,19
BumxxuBanng, % 99,8 99,9
Kopmogi Butpatu 2,01 1,00
TpuBanicTs BUpOIITyBaHHS 150 150

B pe3ynbTaTi BUpOIIyBaHHS KJIap1€BOTO COMa Ha 000X KOpMaxX CIOCTEPITaIUCs
BHUCOKI TIOKa3HWKHW BwkuBaHHA (99,8% - 99,9%) Ta ToBapuoi macu (1203,6 kxr Ta
1360,2 xr), mo XapakTepu3ye MaHHI KOPMH SIK BHCOKONPOMYKTHUBHI. AJe, SKIIO
MOPIBHIOBATH KOPMOBI BUTPATH, TO BOHM 3HAYHO OUIbLII MPU BUKOPUCTAHHI KOPMY
Grower-13EF, nix xopmy Pre Grower-15EF i cknmagatote BigmoBigHo 2,01 kr Ta
1,00 kr Ha kuJI0TpaM IPUPOCTY, TOOTO, BABIY1 OLIBIIIL.

3arajioM Tpeba 3a3HAYUTH, IO PICT 1 PO3BUTOK OPraHi3My 3aJICKUTh HE TUIbKU

Bill OI0JOTIYHUX OCOOJMBOCTEW BHUIYy, ajie 1 BiJl UYMHHUKIB HABKOJIHUIITHHOTO
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CEpeIOBHUILA.

3a pesynpTaTaMu J0CIIIKEHb HaMU 3p00JIeH] HACTYTHI BUCHOBKH:

1. Bopa, o nonaBanacs 10 ¥Y3B Oyna npuaaTHOO AJi CUCTEMU 3 3aMKHEHUM
BOJIONIOCTAYaHHIM. YCi MOKa3HUKH, M0 JOCTIIKYBAIHUCS, 3HAXOMUJIHCSI Yy Mexkax
ONTUMAJIBHUX HOPM JIJIs1 KJIApi€BOTO COMA.

2. AGCONIOTHHIT IPUPICT TPH IIBHOCTI mocamku 260 ek3/M’ 6yB BHIINM Ha
14,2 %, wix mpu minsHocTi 220 ex3/M”. CepeaHpoI000BMil MPUPICT MPH MEHII
HIUTBHIN Mocal ckiaB 7,34 T Ha BIAMIHY Big 8,39 r mipu 30UIbIIEH] MIIBHOCTI.

3. OnTuManbHOIO MITBHICTIO MOCAIKHA MPU BUPOIIyBaHHI KJIApi€BOTO coMa Bif
macd 100 r e uinpHicTs mocamkn 260 ex3/M® (26,3 kr/mM?) Tak SK JI03BOJHIA
OTpUMAaTH TOBAPHOTO COMa B cepeiHboMy 353 .4 Kr/M.

4. Ilpu BupomyBaHHsd ToBapHoi pubu Ha kopmax Grower-13EF Ta
Pre Grower-15EF cnoctepiranucsi BUCOKI TOKa3HUKU BrxkuBaHHS (99,8% - 99,9%) Ta
toBapHoi macu (1203,6 xr Tta 1360,2 kr), mo XapakTepuszye HaHHI KOPMH SIK
BUCOKOINPOAYKTUBHI. IIpoTe KOpMOBI BUTpaTH TpH 3aCTOCYBaHHI KOpMY

Grower-13EF BaBiui OinbIni B mopiBHSHHI 3 Kopmamu Pre Grower-15EF .
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YJIK 635
MEPEIIOCIBHA OBPOBKA HACIHHEBOT'O MATEPIAJTY
MICROGREENS Y®-BUITPUMIHEHHSIM, SIK YMOBA IIBUJIKOT'O
IMPOPOCTAHHS TA TIPUCKOPEHHSI POCTOBHX IMMPOIIECIB
HACIHHSI TOCIBHUX KYJIbTYP

®exopoa Mapis BosiogumupiBHa,

Buutens Oiojorii,

Bumie mpodeciitne ripanuo-0yaiBenpHe yuunuiie (M. I'opimrai [TnaBHi),
Kpomka Anronnna BanepiiBHa,

Crapumit BunTenb 010J10r11

3aransHo0cBiTHS 1iKoJa [-111 ctyneniB Ne6 ["opiniHbOIIIaBHIBCHKOT
MicbKoi pagu KpemeHuylbkoro paiiony ITonraBcbkoi obsacti

AHoTamisi: Y  crarTi  pO3KpUTO  aKTyajbHl  MpoOJeMU  BIUIUBY
Y ®O-BUNIPOMIHIOBAaHHS Ha MPOPOCTAHHS Ta MPUCKOPEHHS POCTOBUX HPOLECIB Yy
pocivH. HaBeneHO Oruisii BIIaCHUX HAYKOBUX PE3YJbTaTIB CY4aCHHUX JOCIIIKEHB 1
MEPCIICKTUB X BUKOPUCTAHHS y MPOpOIyBaHHI Microgreen. [Toka3zaHo, 10 HEBEIHKI
703U TMOMIMHYTOTO BHUIIPOMIHIOBAHHS B POCIUH MPOSIBISIOTHCS Yy NPUCKOPEHHI
POCTOBHUX TMPOIIECIB Y POCIMH Ta 3MEHIIEHI PO3BUTKY IUIICHABUX TpHOIB Ha
npopocTkax. HaBegena meTouka npoBeAeHHS AOCTIY.

Kaw4yoBi  ciaoBa:  Mikpo3eleHb,  OIOJOTIYHO  aKTUBHI  PEYOBHUHH,

Y ®-BUnpoMiHIOBaHHS, CHJIa IOYATKOBOTO POCTY, EHEPTisl MPOPOCTAHHS.

Mikpo3esen»  (Microgreens) —  MOJOAI  MAPOCTKA  POCIWH,  SKi
BUKOPHUCTOBYIOTBCSI SIK Y DKy, Tak 1 A TNpUKpac cTpaB. THXKHEBI MApOCTKH
MIKpO3eJieH1 3pi3aoTh Ha 7-10 nensb micnis nociBy. Yepe3 BUCOKUN BMICT KOPUCHUX
PEYOBHH TaKa 1)Ka BBAXKAETHCH YK€ IEPCHEKTUBHOO, a il CIIOKUBAHHS HECTPUMHO
3pocrae [12].

Mikpo3zeneHb ciiff BIAPI3HATH BiJ MPOPOCTKIB, SIKI 3a3BMYAil MalOTh JIMIIE
BUITYIIICHUH KOPiHEIb. Takox ii ciij BIAPI3HATH Bia qopocioi 3eneHi [11].

B sikocTi MiKpo3esieH1 BUPOUTLYIOTh SIK TPAIULIAHY 3€JIeHb: callaT, MPsHI TpaBH,
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nuOymo, Tak 1 pociauHu. € 6arato BUAIB microgreens 1 KOXKEH 3 HUX Ma€ BIACHY
IIHHICTh. JlOCTIIKEHHS] BUSHUX JTOBOMSTH, IO TAKOTO THIY 3€J€Hb Y CBOEMY CKJIai
Ma€ B JCCATKH, a TO ¥ y COTHI pa3iB OUIbIIE BITaMiHIB Ta MIKPOEJIEMEHTIB 1 1HIIUX
KOPHCHUX PEYOBHH, HIK TXH1 «JIOpOCIIi» MPEACTaBHUKH [8§].

Sk moxuBHa 1 610JIOT1YHO aKTHBHA PEUOBHUHA, XJIOpOodUIT 3 Oyab-siKOi 3eJeHi
Ma€ TTO3UTUBHUI BIUIMB HA OPraHi3M JIIOJAUHU: 3MIIHIOE KJIITUHHI MEMOpaHH.

Y MOn0IMX MapoCTKax POCIMHAX MICTAThCS BUCOKI j03u BitamiHiB C, E, K,
MIHEpaJliB Ta AHTUOKCHIAHTIB, MPUYOMY y 3HAYHO OUIBIIUX KUIBKOCTAX, HIK Yy
3BUYaiHi# 3erneHi [11]. Mikpo3eseHb € nye KOPUCHOIO 1Kero NJis toauHu. Bona He
TUIBKM MICTUTh, K YK€ OyJO CKa3aHO paHille, BEJIMKY KUIbKICTh BITaMiHIB 1
MIHEpaiB, a W MO3UTUBHO IMO3HAYAETHCS HA (YHKIIOHYBAaHHI BCHOTO OpPTraHi3My:
3MIIHIOE IMYHITET, € CBOTO poay NpOo(UIAKTUKOK PaKOBUX 3aXBOPIOBAHb, ITIJIBUIIYE
piBeHb reMorjo0iHy, MOKpailye poOOTy €HIOKPUHHOI CHUCTEMH, HOpMaJli3ye OOMiH
PEYOBHH, BIJHOBIIIOE KUCIOTHO-IYKHUI Oananc. CekpeT MOMmyJspHOCTI B TOMY, IO
MIKpO3€JIeHb Y MPaBWIBHOMY Xap4yBaHHI — II€é CMa4yHO, KOPHCHO 1 HEOPOro, BOHA
BIJIMIHHO CIIPABJISIETHCS 3 aBITAMIHO30M, MO3UTHUBHO BIUIMBAE HA MPOIIEC TPABJICHHS,
no6pe 3acBoroerbes [8, 12]. KoxHa pocivHa Mae BeIHMKY KUIBKICTh BITaMIHIB 1
KOPUCHUX BiacTHUBOCTEeH. KOXXKeH BHUJ BUKOPHUCTOBYIOTH OKPEMO B 3aJIEKHOCTI Bijl
KOPUCHUX BJIACTUBOCTEU, CTPaB 3 SKUMH IMOJAETHCS a00 Uit OOpOTHOM 3 PI3HUMU
3axBoproBaHHsAMU [8]. [lepeBaru Mikpo3esieHi: MICTUTh BEIUKY KUIbKICTh BITaMIHIB;
MOKpAIIy€e 3J0pPOB’sl 32 HASIBHOCTI PI3HUX 3aXBOPIOBaHb; KOPUCTYETHCS MOMUTOM
cepen BererapianuiB Ta npuxuwibHUKIB 3CXK; mBuaKo pocte — Big 5 10 14 1i6; mae
HU3bKY KOHKYPEHIIIO; BUPOINYBAaTH MOXHA IUIMH piK; 3aiiMae Mally KUIbKICTh
MPOCTOPY 4Yepe3 CBOI po3MipH; Ha paHHIA CTaAil Ha MIKPO3EJICHb HE HamajaloTh
IIKITHUKH Ta XBOPOOH, sIKI BpaXKatoTh TOPOCITY POCIUHY;

JOTJISi7] TPOCTHM, HE BUMarae OaraTo 4Yacy Ta BHKOPHCTAHHS Ipernaparis,
100pUB; BUPOIIYBATH MOKHA 31 CTApOTrO HACIHHS, MOKHA BHPOIIYBAaTU K y IPYHTI,
TaK 1 T1APONOHIKOIO; BUPOILYBATH MOKHA BJOMA, y TEIUIUI, Y MiABali, B IHIIOMY
npuMitieHHi [8].

Pusuku mikpo3seneHi: AJisi OTpUMaHHs SIKICHOTO MPOJIYKTY TMOTPiOH1 3HAHHS Ta
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JOCB1Jl BUPOIIYBaHHS; KOPOTKUN TepMiH 30epiraHHs Mmiciis 3pizaHHs — A0 14 1i6; He
yCsl MIKPO3€JICHh BUPOIIYETHCSI B OJHAKOBUX YMOBAX; OJTHA JIIOJIMHA HE BIIOPAETHCS 3
yCi€r0 poOOTO0 MPH BEIUMKHUX MaciiTadax [8].

Ynvmpagpionemose eunpominrosanns (Big nar. ultra — «3a mexamm») —
HEBUJMME OKOM JIIOJIMHM EJIEKTPOMArHiTHE BHUIPOMIHIOBAHHSA, IO TMOCiAa€
CHEKTpaJIbHy 00JIACTh M1 BUAMUMHUM 1 PEHTT€HIBCHKUM BUIIPOMIHIOBAHHSAM B MEXax
nopxuau Xk 10-400 aMm. [4].

Y ®-BUNPOMIHIOBaHHS OJIMH 3 BUIB BUIIPOMIHIOBaHHS, SIKE HE BUIUME JIJISl OKa
moauHu. JIOBXKMHA XBUJII IaHOTO THUITY BUIPOMIHIOBAHHS B CHEKTpasibHIA 00nacTi
3aitmae BiJ 10 amM 10 400 HM. OCHOBHUM JIKepesioM BUIIpOoMiHIOBaHHS € CoHIle, ajie
Hapa3i CTBOPEHO BEJUKY KUIBKICTh IITYYHUX JHKEpPEeNl, HAMsICKPaBIIIUM MPHUKIAI0OM
AKoro € jamnu Y O-BUNpoMiHIOBaHHS. YIbTpadioneToBe BUIPOMiHIOBaHHS (YD)
Ma€ IMUPOKUN CHEKTP BIUIMBY Ha POCIHUHU, BKJIIOYAIOYM IMPOPOCTAHHS HACIHHS.
Y ®O-BUMIPOMIHIOBAHHS MOKE CTUMYJIOBATH TMPOPOCTAHHS HACIHHS, MIiJABUIIYBATH
EHEPril0 MPOPOCTAHHS Ta CXOXKICTh, a TaKOX IOKpAIlyBaTH POCTOBI IPOIIECH.
MexaHism BIUTMBY Y @D-BUIIPOMIHIOBAHHS HAa MPOPOCTaHHS HACIHHS /O KIHISM HE
BUBYEHUM, aj€ BBAXKAETHCS, 0 BIH MOB'S3aHUN 3 akTUBalicl0 (Hi310JIOTIYHUX 1
010XIMIYHUX TMPOIIECIB Y HACiHHI. Y D-BUNPOMIHIOBAaHHS MOXE CTUMYJIIOBATH CUHTE3
TOPMOHIB, TaKMX SK ayKCHMHI Ta IMTOKIHIHI, $KI BIAITPalOTh BAXKIWUBY pOJIb Y
npopocTanHl HaciHHA. KpiMm Toro, Y®-BUNpPOMIHIOBaHHS MOKE MOILIKOHKYBATH
000JIOHKH HACIHHS, 1110 TIOJIETIIYE JOCTYM BOJIA T4 MUTHUX PEYOBUH J0 3apPOJIKa.

HocnimkeHHs: nokazanu, 1o YD-BUMNPOMIHIOBAHHS TMO3UTHBHO BIUIMBAE Ha
MPOPOCTaHHS HACIHHSA 0araTh0X KyJIbTYp, BKJIIOYAIOUW TIICHHIO, KyKypyA3y,
SYMiHb, PpHC, piNaK, COHAIIHUK, Kapromis Ta iHmi. OnTuManbHa 032
Y ®-BUNIpOMiHIOBaHHS JIJI1 IPOPOCTAHHS HACIHHS 3aJICKHUTh BiJl BUAY KYJIbTYPH Ta
YMOB AOBKULISA. Hampukianm, MOCHipKEHHS, MPOBEACHI B YKpaiHi, MOKa3aiH, IO
Y ®-gunpomintoBadds 103010 120 /M2 TO3UTHMBHO BIUIMBAE Ha MPOPOCTAHHS
HaclHHs pinaky o3uMmoro. IIpu mpoMy eHepris mpopocTtaHHs 3pocia Ha 15 %, a
cxoxicTh — Ha 11 % TOPIBHSIHO 3 KOHTPOJIHHUMH 3pa3KaMu.

Y ®O-BunpomiHiOBaHHs MOXe OyTH BUKOPUCTAHE JUIsl MOKPAIICHHS MOCIBHUX
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AKOCTEH HACIHHS, IO MOXE TMPHU3BECTH 1O MIABHUILEHHS  BPOXKAWHOCTI
CLIbCHKOTOCTIOAAPCHKUX KYIBTYP.

Ocp aesiki 3 mepeBar nepeAnociBHoi 00poOKku HaciHHA Y D-BUNPOMIHIOBAHHSIM:

. [ToxpareHHst TPOPOCTaHHS HACITHHS

. [TinBumeHHs eHeprii MPOPOCTaHHS

. 30UIBIIEHHS CX0KOCTI

. [ToxpartiieHHsI POCTOBHX IPOIIECIB

. [TinBumeHHS CTIMKOCTI POCHMH A0 a0lOTUYHHUX CTPECIB, TAKUX 5K

1ocyxa, X0JI0/I, XBOpOOU Ta IIKITHUKH

Y ®-BUNIPOMIHIOBAHHS € BIJIHOCHO HEAOPOTUM Ta €(EKTUBHUM METOJIO0M
MOKpPAIICHHS MOCIBHUX sIKOCTEeH HaciHHs. [{eit MmeTon Moxe OyTH BUKOPUCTAHUN IJIs
00pOoOKM HACIHHS PI3HHUX KYJIbTYp, BKIIFOUAIOYH 3€PHOBI, OJ{iHI, OBOYEBI Ta IJIOJIOBI
KyJIbTYpH.

MeTtoauka npoBeeHHS TOCIIITY

1. 3po6neno BuOipky no 100 HaciHMH KyJIbTYp MIKPO3EJIECHI TaKUX SK IIMUHAT,
0a3uiik, MieHuls, Kykypyaza st onpominenHs Y®, ta mo 100 (3 3paska) 1 50
(1 3pa3ok) KOHTpOJIBHKX HaciHuH (puc. 3.1) [2, 10].

2. JInst onipoMiHEHHST HACiHHS, OYJI0 BUTOTOBJICHO T€PMETHUHY KaMepy Y sIKii
po3minnyBanacs OakrepuiuaHa Y@ namma Ha 20W Ta 1OBKUHOIO XBHI1 365 nm, 110
BUIMOBITHO JIO CaHITAPHUX HOPM € JOCTaTHHOIO JI03010 [Jisi  OOpoThOM 3
XBOPOOOTBOPHUMHU MikpoopraHizMamu. [Ipu BBIMKHEHIN jammi (HE 3BakKaroyu Ha
FEPMETUYHICTh OOKCY) Y MPUMIILIEH] JIIOAU OyJIM BIJCYTHI, 31HCHIOBAJIOCS MOCTIMHE
MPOBITPIOBAaHHS HABYAIIbHO1 1aboparopii [4, 5].

3. 3pa3ku HACIHMH TIepel ONPOMIHCHHSIM, Ha J00y MOMIMAIUCsS 0
X0J101uIbHOT Kamepu (t0 +8) [4, 5].

4. Tlicnsg XOJOAMIIBHOT KaMepu 3pa3Ku KpiM KOHTPOJBHUX MOMIManu Ha 1
roauHy 10 kamepu 3 Y@ onpominenusam (puc. 3.2) [4, 5].

5. Ha mnHacrtymHOoMy eTami ONpPOMIHEHI 1 KOHTPOJIbHI 3pa3Kd HACIHUH
nomiranucs B yamku [leTpi Ha map GuIbTpyBaIbHOTO Manepy, He MIUIBHO OJHE OIS

OJTHOTO, JIe BOHU 1 3pocTaini [3].
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[Ipu mpoBeneHi NOCHIIKEHHS 3 BH3HAUYEHHS IEPIOy CXOXKOCTI Ta €Heprii
IPOPOCTaHHS HACIHHS microgreens KyKypy/a3W, MIICHMI, 0a3uiliKy, IIIMUHATY TpU
onpoMmiHeHHI 1 roauny Y@, Hamu Oylid BCTAHOBJIEHHI HACTYIMHI pe3yJbTaTH:
HACIHHEBHUI Martepian skuil OyB OMpPOMiIHEHHI Mae Kpallli MOKa3HUKH CXO0XKOCTi, b0
MalKe OJHAKOBI 3 KOHTPOJBHUMH 3paskamu (znani B TekcTi K3), ame B koIHOMY
BUIIAJIKY HE 3a()IKCOBAaHO HIKYMX MOKA3HMKIB: KyKypyn3a — Y®-5 noda, K3-5 noba;
mmenuit — Y®, K3-4 no6a; 6asunik — YP-22 rogunn, YP-17100a; mmuaar — YPD-1
HaciHuka-10 noba, K3-cxoxicth BiacyTHs. HeoOx1qHO 3a3HAaYMTH, 110 JESKl 3pa3Ku
ki He Oynum mig giero Y®-onpomiHeHHsS (MIIEHUI, MIMUHAT, KyKypya3a) Oyiu
YpaKEH1 IUTICHABUM TIpUOOM, TaKOX Ha 3pa3kaX KyKypyJI3H OINPOMIHEHUX
criocTepirajach IUTICHSBA B HE3HAUHIM KUIBKOCTI. 3adikcoBaH1  BIJICOTKOBI
MOKa3HUKH: KyKypymza — Y®-92%, K3-82%; mmenuns — Y®-98%, K3-96%,
6azmiik — Y®-96%, K3-95%, mmunat — Y®D-1%, K3-0%. Xapakrepusyrouu eHeprito
MPOPOCTaHHS HEOOXIHO 3a3HAYUTH, IO €HEpris MPOPOCTAHHA KYyJbTYp TaKOX Ha
1-2% Buma y ONpPOMIHEHMX 3pa3KiB: KyKypymsa — Y®D-89%, K3-87%;
nmeHuns - Y®-96%, KI1-94; 6azunik — Y®-92%, K3-91%. 3amipu BeretraTUBHUX
OpraHiB pOCJIMH TakKuX SK KOpiHb 1 CTe0J0 ToKa3aldu, IO POCIWHU SKi
OMPOMIHIOBAIKCS 1 KOHTPOJBHI 3pa3Kd MarOTh po3Mipu 3 BiamiHHicTIO Big 0,1 10
0,8 cM y cTopony 30ibleHHs onpoMiHeHuX (Tab:. 1).

Taoaunnsga 1
Bruiu Y ®@-BUNIPOMiHIOBAHHSA HA CHJIY POCTY

TA eHePrilo MPopocTaHHs Microgreen

. CepenHsi TOBXKUHA, CM . .
Kymrypa Cuia moyatkoBoro | Emnepris n;;opocmm—m, IH(blKopamCTL (mosiBa
pocTty, cM % TapOCTKiB TCPBUHHAX wricHABR), %o
KOpIiHIIB
Kykypynza
Y®-onpomineHHs 2,2 89 3,15 2,4 —
KonTpois (K3) 2,1 87 2,9 19 -
[Tmenuns
Y®-onpomineHust 3,7 96 5,8 55
Konrposs (K3) 3,6 94 5,2 5,4 12
Bazuik
Y®-onpomineHHs 1,2 92 1,9 3,2 -
KonTpois (K3) 1,2 91 2,1 3,5 -
IlInunar
Y®-onpomineHust — — 0,1 — 12
KonTpois (K3) — — — — 56
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Y ®O-BUNpOMIHIOBaHHS Ma€ TMO3UTHUBHHUM BIUIMB HA MPOLECH MPOPOCTAHHS Ta
CHEpTif0 POCTy MIcrogreens. 3MeHIIye BiJICOTOK BPa)KEHHs IUTICHSIBUMHU TpuOaMu

MIOCIBIB, 1110 € aKTyaJIbHUM IIPH IPOPOIIYBaHHI HACIHHSI.
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VJIK 58.006
JEPEBA-TIAM'SITKM KHIBCHKOT'O 300JIOTTYHOI O TIAPKY

Bbo:xko EabBipa OsexcanapiBua

3100yBay BUIIIOI OCBITH MPUPOTHUYOTO (HAKYIBTETY

Hacreka Tersitna MukoJiaiBHa

KaH7. 010J1. HAayK, JOIEHT Kadeapu Oioyorii

VYkpaiHCcbKul AepKaBHUI yHIBepcUTET IMeH1 Muxaiina J[paromanoBa
M. KuiB, Ykpaina

Anortauisi: Teputopis KueBa Haniuye BeTUKy KUIBKICTh PI3HOMAHITHOI (DIIOPH.
ToMy He nuBHO, 110 B Halll Kpato 30eperyucs aepea-naMatku. i nepesa, sk kuBi
CBIJIKM MHUHYJIOTO, HECYTh y cOO1 HE TUIBKH ICTOPIIO, ajie i BaKJIMBl T'€HETUYHI Ta
€KOJIOT14H1 XapaKTEPUCTUKH, SKI € BEJIbMHU I[IHHUMH JIJI1 HAIIUX JIHIB 1 MalOyTHIX
MTOKOJTIHb.

JlepeBa-namM'sITKM CTalOTh CBOEPIAHUMH apXiBaMH MPHUPOIH, AKI 30€piraroTh
YHIKaJdbHI TeHH Ta aJanTaliifHi BIACTHBOCTI. IXHi riOpumy Ta COPTH MOXKYTh OyTH
BUKOPHUCTaHI Y CENEKIIMHUX NporpaMax Jjisi CTBOPEHHSI HOBUX BHJIIB, SIKI BOJIOJIIOTh
BHCOKOIO CTIMKICTIO IO CTPECOBUX YMOB Ta IIKITHUKIB.

[To3a mum, AepeBa-mam'siTKU TPAIOTh BAXIMBY POJb Y (pOpMyBaHHI CTIMKOCTI
JCOBMX €KOCHCTEM. IXHi TEeHeTHYHi pe3epByapu J03BONSIOTH 3a0e3MEUnTH
PI3HOMAHITTSI B JIICOBUX TMOMYJAIISX, IO BAXKIWBO [JIS MATPUMKH 3I0POB'S
€KOCHCTEM Ta 30epeKeHHsI MPUPOIHOT O10PI3HOMAHITHOCTI.

KirouoBi ciioBa: gepeBa-namM'siTku, KUIBCbKUN 300JI0TTYHUHN MMApK, KUTTEBICTh

POCIIVH, CTAIllOHAPHUIA TUTT JJOCIIKEHHS, BIK JIePEB.

VY KUIBCBKOMY 300JIOTIYHHOMY MapKy € 0arato pi3HOMAaHITHHUX OOTaHIYHUX

aM'siITOK TIPUPOIN MiclieBOoro 3HaueHHs. Lle BimOuTKu icTopii, Ae 10Ci 30epiraloThes
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Ta JOCIIKYIOTHCS. PI3HOMAHITHI POCIMHH 3 METOI0 HayKOBUX JOCIHIIKEHb, OXOPOHU
O10pI3HOMAHITTS Ta HaBYaHHSA. 3 MOMEHTY iX BIJKPHUTTS, MapK CTaB BaXKJIUBUM
[IEHTPOM JJII OCBOEHHS Ta 30€pEeKEHHS HE TIIbKA TBAPUHHOTO, a M POCIMHHOTO
CBITYy. Y HHUX 30epiraroTbCsi Ta JOKYMEHTYIOTHCS BCi BHAM POCIUH, BKJIIOYAIOYU
pIOKICHI Ta, Ti, IO Mg 3arpo3or. Ha momady, 1e Mmicie TakoX CTajlo IEHTpamMu
OCBITH Ta BUXOBaHHS BiJNOBIIaJILHOTO CTaBJICHHS /10 OXOPOHU MPUPOJU Ta CTAIOTO
BUKOPHCTAHHS PECYPCIB.

[Mpomosx 2021-2023 pp. crynentu-6ionorn VYJY imeni Muxaiina
JlparomaHoBa JOCHIIKyBaJM KHIBCHKHM 300yoriuamid mapk [lleBueHKiBChKOTO
palioHy crosuui. MeTa HOOCHKEHHS - BUSBUTH YHIKQJIbHI JiepeBa-NaM'saTKU.
3aBAaHHS - BUKOPUCTATH METOJUKY CTalllOHAPHOTO THUITY JIOCHIPKEHHSI, BCTAHOBUTU
CHUCTeMaTUYHE MOJI0KEHHS IEPEB, BIK Ta )KUTTEBICTH I€PEB, X MOXOKECHHS.

[Tepuroro 60TaHIYHOIO NaM’SITKOK MPUPOIU MicLEeBOro 3HaueHHsA € «Tomodi
Byprzuncbkoro». O0’€eKT siBisie c00010 2 €K3EMIUISIPU CTapoi TOMOJII YOPHOI BIKOM
oineme 150 pokiB. BimHocutbest 1o ponunu Bep6Oosi (Salicaceae), pogy Tomons
(Populus), Bumy Tomons udopna (P. nigra). Ha Bucori 1,3 M gepeBa maioTh B
OXOIUIeHHI1 4 M, BUCOTa JepeB 25 M. JlepeBo BITHOCUTHCS A0 ["0JapKTUYHOTrO 1apcTBa
32 (QUIOPUCTUYHUM pallOHYBaHHSM. 3a M'SITHOATBLHOIO IIKAJIOK XUTTEBOCTI POCIHH
A. A. T'poccreiima (1929) mae mokazHuk 3 (BereTaTMBHHMM PO3BHUTOK, IBITIHHS 1
JI0/TOHOILIEHHSI HOPMAJIbH1).

Jpyroro OOTaHIYHOIO TaM’ATKOK TPHUPOAM MICHEBOTO 3HA4YCHHs € «SlceHu
[lapnemans». Ha3Bani Ha YecTh BHAATHOTO YKPAiHCHKOTO 300y0ra MuKoIn
BacunboBuua Illapnemansa. OO’exT siBisie co00K0 2 CTapux EK3EMIUISIPH SICEHY
3Bu4aiiHoro BikoM Oinbiie 130 pokiB. BimHocuTbes 10 poawHM MaciuHOBI
(Oleaceae), pony fcen (Fraxinus), Buny fcen 3puuaitnuii (F. excelsior). Ha Bucori
1,3 M nepeBa MarOTh B OXOIUIEHHI 3 M, BUcOTa jepeB 15 M. JlepeBo BiTHOCUTHCS 0
[NomapkTuyHOro mapcTBa 3a (IOPUCTHYHUM pPAMOHYBAaHHAM. 3a M'SITHOAIBHOIO
KO KUTTEBOCTI pociuH A. A. I'poccreiima (1929) wmae mnokazHuk 2
(BereTaTMBHUN PO3BUTOK HIKYE€ HOPMHM, 3/IaTHICTh UBICTH 1 IJIOJOHOCHUTH HE

BTPAYEHO).
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Tperboto 0OTaHIUYHOIO MaM’ ATKOIO MPHUPOAU MicHEBOro 3HaueHHs € «llmaran
Craunacbkoro». O0’€kT sBIsi€ COOOI0 CcTape AEpeBO IIaTaHy TiOPHAHOTO BIKOM
oinbiie 120 poki. Bimnocutsest 10 poaunu I[lnaranosi (Platanaceae), pony Ilnatan
(Platanus), Buay I[lnatan riopugauit (P. hybrida). Ha Bucori 1,3 M nepeBa maroTh B
oxoruieHHl 2,8 M, Bucota jaepeB 10 M. JlepeBo BimHOCUTBCS 110 ['oiapKTHYHOIO
1apcTBa 3a (QUIOPUCTUYHUM PalOHyBaHHSM. 3a M'ATHOATBHOIO IIKAJIOK >KHUTTEBOCTI
pociuH A. A. I'poccreitma (1929) mae noka3Huk 2 (BereTaTUBHUN PO3BUTOK HUXKYE
HOPMH, 3/IaTHICTh I[BICTH 1 TJIOJIOHOCUTH HE BTPAUYECHO).

Hiaepama sixy oepes-nam'amoxk

4,5

4
3,5

3 ml
2,5

2 m2

Tomoui

Bypa3suHCBKOTO Scenu
apnemans IInaraun

TiOpuaHMIA

Puc. 1 liarpama BiKky JepeB-IAMSATOK

3a pe3ynpTaTamMH JOCTIIKEHb MU BHSIBWIM, 10 HaiMonoamumu € Ilnaran
riopuaHui, a qoBroxutenasimMu - Tomnoisi bypmsuncekoro. Pocnuan nepeOyBaroTh y
XOPOIIIOMY CTaHI1 - MOKa3HUK KUTTEBOCTI CTAaHOBUTH 43.99 Ganis.

3oonoriyanii mapk y KwueBl BHIIISETBCA CBOEH PIZHOMAHITHICTIO Ta
pO3MAITTSIM OOTaHIUYHUX MaM'SITOK MPUPOAM MiclieBOro 3HaueHHs. Lli mam'saTku € He
JUIIe CBIAYCHHSIMU MHUHYJIOI 1CTOpIi, a i CTaloTh (pOKycaMH HAyKOBUX JOCIHIIKCHBD,
3yCuiIb 30epekeHHsT O10pI3HOMAHITTS Ta OCBITH. [lapk BHUCTymHae KIOYOBUM MiCIIEM

JUIsl BUBYEHHSI Ta 30€pEKEHHSI POCIMHHOIO CBITY, /i€ CUCTEMATH3YIOThCS BCl BUAM
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POCIIMH, BKJIIOYAIOYM Ti, MO TMepeOyBarOTh y PiAKOMY CTaHi abo Tij 3arpo3o0ro.
Koxna Oortaniyuna mnam'atka, Big "TomomB bypmsuncekoro" mo "Ilnatany
CraunHCHKOTO", Ma€ CBOIO YHIKAJIBHICTh Ta ICTOpPUYHE 3HaueHHS. PocimHu
nepeOyBaloTh y XOpOIIOMY CTaHl - MOKAa3HUK >KUTTEBOCTI CTAaHOBHUTH 43.99 OGamis.
Crniji miaKpecIuTH, o Il MICHSI HE TUIBKH MPEACTABISAIOTh MPUPOJIHI 00'€KTH, a U
BUKOHYIOTh (DYHKIIIT OCBITH, CIIPUSIOYH pO30yI0B1 BiJIMOBIAAILHOTO BIIHOMIEHHS JI0
IPUPOJIM Ta PO3YMHOTO BUKOPHCTAaHHA pecypciB. Taki O0TaHIYHI MaM'aTKH CTalOTh
HEB1I'€MHOIO YacCTHHOIO ()OPMYBaHHS €KOJIOTTYHOI CBIJIOMOCTI Ta CTBOPIOIOTH YMOBH
I TOTO, 11100 MalOyTHI MOKOJIIHHS MOTJIHU 33JJ0BOJIBHITH CBOI OTpeOH, 30epiraroun

MPUPOIHI PECYPCH JJI1 HACTYITHUX MOKOJIHb.

CIIUCOK JIITEPATYPU:

1. [Togo6aitmio A. B., Ocranmuenko JI. II., Ilapnmikoza 1. FO. Ta
bopeiiko B. €. HaykoBe o0OIpyHTyBaHHSI /10 CTBOpPEHHS OOTaHIYHOI TIaM’ SITKU
npupoau mMicueBoro 3HaueHHd «llnatan CTauMHCBKOTO».

2. uaitnep C. JI., bopeiiko B. €., Crenenko H. ®@. 500 BunatHux nepes
VYkpainu. - K.: KEKI, 2011. - 203 c.
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3MIHHU IOKA3HHUKIB KOAT'YJIOTPAMMU 3AJIEKHO BLJI TUITY
T'OCTPOI'O JIEMKO3Y Y JITEA

JMemsanuyk Harauisa BajseHTuHiBHA,
K.0.H., ACHCTCHT,

HHII «IactutyT 61070111 T MEAUITUHI
Menuncbka I'anna PyciianiBHa,
MaricTp,

HHII «IacTuTyT 6i0710T1 T METUITUHI

Beryn: ['emo061acTo3u mociialoTh BEAy4Ye€ MICLE Yy CTPYKTYPl OHKOJIOTTUHHX
3aXBOPIOBAHb Y JITEH 1 CkIafaroTh Npuoan3Ho 30 % BCiX 3JI0IKICHUX HOBOYTBOPEHB
autsdyoro BiKy. Ha roctpy mimdoOnacthy neiikemiro (I'JIJI) nmepenamae 80 %, Ha
roctpy MienobnactHy Jseiikemiro (I'MJI) — 15-20 %. XponiuHa wmieno0nacTHa
JerKkeMis y JiTel 3yCTpi4aeThesi ¢ 4acToToro 3—5 %. Po3moBCIOMKEHICTD JeHKeMii B
cBiti — 3,2-4,4 Bumaaku Ha 100 000 mutsdoro HaceneHHs. B mimomy 1i nudpu
3aJIMIIAIOTHCS] CTAOUTBHUMU TMIPOTITOM OCTaHHIX POKIB. 3BepTae Ha cede yBary Tou
¢dakT, mo nik yactoru I'MJI nepenanae Ha mepimmii pik >KUTTS, a 3aXBOPIOBAHICTb
['JIJT B 6-7 paziB Buille Mixk 3-M Ta 4-M pOKaMmH >KUTTS HIK B 1HII BIKOBI MEPIOH.
PosnoBcromkenicty niM@orpanynemaro3dy B cBiTi — 5—6 Bumagku wa 100 0000
JTUTSYOTO HACEJICHHS, 2 HEXODKKMHCHKI TiMmpomu B 10 Bumaakax.

Mera  fgociigskeHHsi:  BHU3HAUUTH  OCOONMBOCTI  3MIHM  TOKAa3HUKIB
KOoaryjorpaMu BiAMOBIHO A0 (OPMHU TOCTPOTO JIEUKO3Y y AITEH.

Marepiajiu Ta MeTOaM AOCHITKEeHHS: Y JTOCTIHKEHH] B35JI0 y4acTh 25 miTei
BikoM BiZ 0 mo 18 pokiB. 10 3 HUX CKJIaJaaud KOHTPOJIbHY IpyIy (JOCIHIIKEHHS
NpoBOAWINCH, Ha (oHI abCOMOTHOTO 370pOB’S 3 JI03BOJy OaThkiB) 1 15
JITEN - XBOPUX HA TOCTPUH JIEHKO3. 3 HUX, 8 13 J11arHO30M rocTpuii JiMpoOIacTHUN
Jeriko3 Ta 7 13 1arH030M rOCTpUI Mi1€J100JIaCTHUH JIEHKO3.

MeTtoau — aHai3 3ropTaibHOI CUCTEMHU KPOBI, CTATUCTUIHHM.

Pesyabtatn: JliTsM XBOopuM Ha TrocTpuil dimMEGoONacTHUN Ta TOCTpHUI

MI€JIOOTACTHUM JIeMKO3 OyJI0 MPOBEJAEHO aHali3 3ropTajibHOI CHUCTEMHU KpoBi. B
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pe3ynpTaTi aHanmizy Oylo BHUSBICHO CKOPOYEHHS dYacy pekaimbludikarii
ctabimizoBanoi kpoBi (mnasmu). [lpu mHOpMmi 11445 cexyHa y rpymi HaIi€HTiB i3
niMpo6racTHUM JIEHKO30M Yac pekaibiudikaiii OyB 3HUKEHUN 1 CTaHOBUB 57+4 c.
Y r1pymi 13 Mieno0macTHUM JIEWKO30M JaHWW TIOKa3HWK 3HAXOJWBCS Ha PiBHI

KOHTPOJIbHUX 3HaueHb - 97+4 c. (Puc. 1).

Jac pekarbLHpIKALLL, C

140

120

100

al

il

Forrrpoars mmdofmac TeHE Me moGamac TH 1

Puc. 1. Yac pexanbuugikamii (¢) y gireid xgopux Ha JjiMm¢o- Ta Mi€J100J1aCTHIH

Jeiko3. [IpumiTka: * - BIpOriIHO NOPiBHAHO 3 KOHTPOJIEM.

CkopoUeHHSI IIbOTO Yacy MOKe OyTH TOB’si3aHE 3 HEIOCTATHICTIO TJIa3MOBHX
(dakTOpiB 3ropTaHHS ab0 3 TPOMOOITUTOINCHIEIO, KA € OJHUM 3 OCHOBHHMX O3HAK
PO3BUTKY I€MOTapiuHOTO CUHJIPOMY IPU TOCTPOMY JEUKO31.

[Io CTOCY€EThCS aKTUBOBAHOTO YaCTKOBOTO (mapIiaabrHOrOo)
TpoMbornactTuHoBoro yacy (AYTY), To mpu HOpMmasibHUX BeiauuumHax 3855 c. y
namieHTiB 000X Tpyn crocrepiranoch nogosxkeHHss AUTY no 73 cexynn. Take siBuie
CIIOCTEPITaEThCA MPU BPOJPKEHINM HEIOCTAaTHOCTI (PaKTOpiB 3ropTaHHS KpoBi (3a
BUHATKOM (pakTopiB VI Ta XIII), HassBHOCTI B KpOBi 1HTIOITOPIB 3ropTaHHs (30Kpema,
MpU JIIKyBaHHS TEMapUHOM), JMCEMIHOBAHOMY BHYTPIIIHbOCYAMHHOMY 3TOpPTaHHI
KpoBi Ta pi0OpuHOI3L.
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[IpoTpoMOIHOBHI Yac XapakTepusye nepiry (MpoTpOMOIHOYTBOPEHHS) 1 APYTY
(TpomOiHOyTBOpeHHs) (a3u TIJIA3MOBOTO TeMOCTady 1 BiIOMBae aKTUBHICTH
npoTpoMOiHoBoro komruiekcey (akropis VII, V, X 1 BnacHe nmporpoMOiHy - ¢akTopa
IT), (st mopocnux y Hopmi 11-17 ¢). 361abIeHHs: MPOTPOMOIHOBOTO Yacy, mo 0yJ1o
BUSIBJICHO B TAIIEHTIB IPynH 13 JiM(POOIACTHUM JIEHKO30M CBIAYUTH MPO CXUIIbHICTh
1o rinokoaryJsmii. [TokazHuku y HuX craHoBuiIn 29+4 cexynn (Puc. 2). 361ab1eHHs
MPOTPOMOIHOBOTO Yacy B 2 pasu mpoBokye roctpuii JIB3- curapom. Haromicts y
JTOCITDKYBAaHUX 3 TPYNMH 3 Mi€I00JACHUM JICMKO30M MpOTPOMOIHOBUM dac OyB Ha

piBHI KOHTPOJIbHUX 3HAYEHb.

IIpoTpoMGiHOBHIT Tac, ¢
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Komrpont mmdobmacreed i ano bracTree

Puc. 2. IIporpomOinoBuii yac (c¢) y aireit xsopux Ha jJiM¢o- Ta Mi€100JacTHU

Jeiiko3. [IpumiTka: * - BIpOTiIHO MOPiBHAHO 3 KOHTPOJIEM.

30unbIeHHsT KOHIIEHTpallli (GiOpuHOTeHy OyJi0 BHUABICHO Yy TMAIlEHTIB 13
nimpobractanm neriko3oM. [Tokazauku Oynu B 6,1+£3,8 /1 ipu HOpMmi 2-4 1/1. Taki
3MIHM BIIMIYaIOTh MpH 1HQEKUIHHUX 3aXBOPIOBAHHSAX, XPOHIYHMX 3amajbHUX
mpoliecax, 3JIOSKICHUX MyXJHHaX, TpomOo3ax 1 TpomOoeMOomisx. Y Mali€eHTiB 3
M1€J00JJaCTHUMU JIEMKO3aMU CIIOCTEPIrajgoch 3HMKEHHSI KOHIEHTpallii (piOprUHOTeHY

Bix 0,6 no 1,7 r/a. (Puc. 3.).
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g Konuenrpauis ¢piopuHoreny, r/im.

*

L8]

]
*

—_

KoHTpoab JiM(o0.1acTHHIE Mi€100.1a cCTHHIT

Puc. 3. Konuentpauis ¢piopunoreny (r/mn) y aireid xgopux Ha jJimdo- ta

Miesno0JacTHuil Jeiiko3. [IpumiTka: * - BiporiiHo mopiBHSIHO 3 KOHTPOJIEM.

[le MoXIuMBO TpW MOro ypoJuKeHi HexocTtaTHOCTI (adiOpuHoreHemis,
rinodiOpuHOTeHeMis, neski auchiOpuHOTeHeMil), TSHKKUX 3aXBOPIOBAHHAX MEUIHKH,
JIMCEMIHOBAHOMY BHYTPIIIHBOCYAMHHOMY 3rOpTaHH1 KPOBi, FOCTpOMY (pi1OpHHOIII3I.

BucHoBku: VY mamieHTiB 3 TOCTpuM JiM(OOIaCTHUI TEHKO30M dYacTile
crocTepiraiach rirnoKoaryJssiis, HATOMICTh IPU FOCTPOMY MI€JI00JACTHOMY JIEMKO31
MOKA3HUKHU 3rOPTAJIbHOI CHCTEMM KpOBI uyacTime Oyiu B Mekax HOpMH abo

BKa3yBaJIM Ha T1EPKOAryJIAIio.
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VJIK 582 (477.86)
BITPOBAKEHHS I1EI TPOMAISTHCHKOI HAYKH (CITIZEN
SCIENCE) B F'AJTY3I ®EHOJIOTTYHUX JOCJIKEHb HA TEPUTOPI|
KAPIMMATCBKOT'O HALIIOHAJILHOT'O ITPUPOJTHOIO TAPKY SIK
IHCTPYMEHTY OLIIHKH BILIUBY 3MIHU KJIMATY
HA BUJIU TA EKOCUCTEMH

MoTtpyk Muxaitjio BacuiboBuu

HayKOBHH CIIBpOOITHUK, (heHOJIOT

Tumuyk Okcana BacuiiiBHa

3aBiyBay JICIBHUUO-O00TaHIYHOI JJabopaTopii, OOTaHIK
Credanrwk Xpucrtuna borganiBaa

HAyKOBUM CIIBPOOITHUK, 300JI0T

Kaprnarcbkuit Ha1ioHaIBHUI TPUPOTHUN MTAPK

M. Spemue, [Bano-®pankiBcbKka 001., YKpaiHa

AHoTanisi. 3a ocTaHHI POKH (EHOJIOTIS CTAa€ BAXJIMBUM 1HTETPATUBHUM
IHCTPYMEHTOM [UJIsl OL[IHKM BIUIMBY 3MIHM KIIMAaTy Ha €KOCUCTEeMH. AHami3
(EHONOTIYHMX JIaHUX MOXKE BIUIMBATU HA CTPATETli YHpaBIiHHSA MPUPOTHUMU
koMmiiekcamu. [loctaHoBka mpoOieMu TmonArae B HEOOXIZHOCTI  PO3POOKH
e(eKTUBHUX METOAIB 300py Ta aHamizy (EHOJOTIYHUX JIaHUX. 3aJy4dyeHHs
IrpOMaJICLKOCTI 10 300py iH(dopmalii B paMkax (PEHOJOTIYHOTO MOHITOPUHTY,
MIJBUIIUTE €KOJOTIYHY TI'pPaMOTHICTh MICHEBUX TpomMaja 1 30UIbIIATH KUIBKICTh
MEepBUHHOT 1H(MOpMAIlii, BaXJIUBOI JIJsi KOPOTKO- Ta JOBrOCTPOKOBOTO MPUUHSITTS
pilieHb, 30kpeMa, o0 IJIaHyBaHHS aJeKBAaTHOTO pearyBaHHs Ha 3MiHY KJIIMaTy B
KOHTEKCTI aIaliTUBHOTO YIPaBJIIHHS.

KurouoBi cjoBa: ¢eHosnoris, 3MiHN KiIiMaTy, TpOMaJsHChbKa Hayka (citizen

science).

Beryn. @eHosnoris K Hayka, 1[0 BUBYA€E CE30HHI 3MIHHM B JKUTTI OPTaHi3MIB Ta
SIBUIII, € Ba)XJIMBUM IHCTPYMEHTOM JUIsI CITOCTEPEIKCHHSI Ta MPOTHO3YBaHHS BIUIMBY

3MIHM KJIIMAaTy Ha BUJM Ta €KOCUCTEMHU. 3MIHU B 4Yaci (eHOJIOTIUHUX (Da3 POCIuH i
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TBapHUH, TaKl K MOYATOK BEreTallii Ta po3MyCKaHHs JIMCTS, UBITIHHA, MEpIla BECHIHA
nmosiBa JMKHUX TBapHH 1 iX Mirpaiii, € OJHUMHU 3 HAHOUIBII YYTIUBUX O10JIOTTYHUX
1HIMKATOPIB, SIKI BKa3ylOTh Ha O3HAKH OO0 3MIHM KiiMary. JIokanbH1 (heHOJIOT1UHI
CIIOCTEPEKEHHSI Ha TEPUTOPITX 00’eKTiB mpupoao-3anoBigHoro ¢ouay (I[13D)
J03BOJISITh AKYMYJIIOBaTH 3HAYHUN O0OCAT (PAaKTUYHOTO MaTepialy ISl aHami3y Ta
MAaTEMaTUYHOTO MOJICTIOBaHHS JAWMHAMIKM TMPUPOJHUX SBUIN 1100 UIIOCTpYyBaTU
HAmpsIMM TJI00AMbHUX KIIMATHYHUX 3MiH. 3MIHM KJIIMaTy B)K€ MPHU3BOIATH 0
MOPYIIEHHS] CHHXPOHHOCTI MK (h1310JIOTTYHUMHU TIPOIIECaMHU MPEJACTaBHUKIB O10TH Ta
a0l0TUYHUMH KOMITOHEHTAMH €KOCHCTEMH, 1[0 MOXE MAaTH HEraTHBHI HACTIAKU IS
MPUPOIN Ta JIFOINHHU.

Merta poOoTH ToJIsirae B PO3TIISI MOAIIMBUX BaplaHTIB PO3MIUPEHHS IUISXIB
HAKONMMYEHHS NMEPBUHHUX (PEHOJOTIYHHUX NAaHUX MIOJ0 CE30HHOTO PUTMY PO3BUTKY
JIEPEBHUX, YarapHUKOBUX, TPaB SHUX POCIWH Ta MpEACTaBHUKIB (ayHu Ha (oHi
rJI00aJIbHUX 3MIH KJIIMAaTYy.

Marepianu Ta ™Metoau. DEHOJOTIYHI JOCHIKEHHS TIPOBOISTHCA 3a
3arajJbHOMPUUHATUMH OOTAaHIYHMMH Ta €KOJIOro-reorpadiyHUMU  METOJIMKAMH,
y3arajibHeHUMU y «IIporpami JiTONUCy Npupoau JJisl 3aMOBIAHUKIB Ta HAIIOHATBHUX
MPUPOIHUX TMapKiB» [1].

PesyabTaT Ta 00roBopeHHsi. deHosorist € MPOCTUM y CHOCTEPEKEHHI Ta
€KOHOMIYHO €()eKTUBHUM 1HCTPYMEHTOM JIJIsl paHHBOT'O BUSABIJICHHS 3MiH y Oiocdepi,
1 ToMy 700pe TOTIOBHIOE IHCTPYMEHTAIbHI BUMIPIOBAHHS METEOPOJIOTTUHHUX CITYXKO.
Mepexa (peHOTOriyHOrO0 MOHITOPUHTY Ha TepuTopii KapnaTchKoro HaiioHajgbHOrO
npupogHoro napky (KHIII) cpopmoBana 3 12 ¢eHonoriunux mapupytiB T1a 44
(hEeHOMYHKTIB, K1 PO3TaIIoBaHi B aiana3oHi BUcoT Bix 580 mo 1800 m H.p.M Ha 1101
50 Tuc. ra, aie Mmepexa 3 1986 poky.

EdextuBHa exosoriuHa iH(oOpMallis TPO KOMIIOHEHTH JOBKUUIS Ha
MPUPOJOOXOPOHHUX O0’€KTaX 3aJeXKUTh BiJI BUCOKOSKICHOTO 300py JaHHX
MpaliBHUKaMHU JIICOBOi OXOpOHHU (aHTJ. peiHkepamu). Tomy Bxke Ipyruil pik Ha
teputopii Ilapky BHOpPOBaKYEThCSI BUKOPUCTAHHS IS HAYKOBUX JIOCTIIKECHb

IHCTPYMEHTY MPOCTOpPOBOro MoHITOpuHry Ta 3BiTHOCTI (SMART). Lle nporpamue
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3a0e3neyeHHs], IKe JO3BOJIAE€ HAYKOBIISM Ta MpaIliBHUKAM JICOBOI OXOPOHM 30MpaTu
TeONMpOCTOPOBI J1aHI Ha CBOiX cMmapTdoHax (uepe3 mMoOiLTpHUI momatok SMART).
Cepen OaraTbOX HajallITyBaHb, MOJEIb JAaHUX MNPOTrpaMH BKIIIOYAE B ceOe 1 BCIO
cuctemy ¢eHonoriyaoro Monitopunry Ilapky. SMART nae MOXIHUBICTH 3 BUCOKOIO
TOYHICTIO 3allCyBaTH MapUIpyTH MaTpyJIlOBaHHA, (IKCyBaTH OO’€KTH JHKOI
npupoan 1 ix d¢enodazu, pobutu QoroniaTBepmkeHHs. SMART 3abe3neuye
daxiBigm [lapky mBuakuil gocTynm A0 TOYHOI MOibOBOI iH(opmamii. JlaHi
CTaHJapTU30BaHl Ta MOXYTb BUKOPUCTOBYBATHCS ISl CTBOPEHHS KapT, aHali3y Ta
3BITIB.

Crneundika METOOUKH (PEHOJTOTTYHUX JTOCHIIKEHD MOJISATAa€ B TOMY, 110 3aMICTh
BUIIAQJIKOBOTO BHUWICHYBaHHS OKPEMHX €JIEMEHTIB O010T€OleHO3y, CTBOPIOETHCS
cTabibHAa KOMIUIEKCHA CUCTEMa CIIOCTEPEKEeHb 3a BUAAMH, MPHUB’ SI3AHUMH JI0 YiTKO
BHU3HAUEHUX €KOJIOrTYHUX YMOB. CIIOCTEPEKEHHS BEAYThCS 32 TAKUMU [TOKA3HUKAMMU:

— CE30HHMM PO3BUTOK OCHOBHMX JIICOYTBOPIOIOYMX JEPEBHUX MOPIL,
YJarapHHKiB, TPaB THOTO MIOKPHUBY;

- KUTTENSUIBHICTh (DOHOBUX MPEACTABHUKIB (payHH Ta BHUJIB, 3aHECECHUX
1o YKY;

— HalBaKJIMBILIMMHU TAPOMETEOPOTIOTTYHUMU SBUILIAMU.

Jns mporpamu  crmocTtepekeHHss Oynau  oOpaHi Takl Buad O10TH, SIKi
BIIMOBIAIOTh TIEBHUM KpPUTEPIsiIM, — TaKUM SK JIETKO JiarHoCToBaHi1 (¢eHodasmu,
YYTJIUBICTh 10 TEMIIEpaTypu MOBITPS Ta IIMPOKE reorpadiyHe MOUIMPEHHS Y BCIX
BUCOTHUX moscax ['oprancbkoro 1 YopHOripchKOro ripCbkux MacubiB. DEHOJIOTIYHI
CIIOCTEPEKEHHS JO3BOJISIIOTh BUSBUTH 3aKOHOMIPHOCTI CE30HHOI PUTMIKHA KUBOI
MPUPOAM Ta i1 BIAMOBIIb HA 3MIHM HABKOJMIIHBOTO CEepeloBHINA. Tak, MaTepiaiu,
3i0pani 3a BereramiviHuil mepiog 2023 poky Ha (PEHONOTIYHMX TYHKTax Ta
¢denonoriyanx Mapupytax no Tteputopii Kapmarcekoro HIIII, cBigyate mpo
3aKOHOMIpPHY 3aJIeKHICTh ()EHOJIOTTYHHUX (ha3 OCHOBHHUX JIICOYTBOPIOKOYMX MOPIJA Bij
BUCOTH Haja piBHeM Mops. Hampuknan, y cmepeku B 2023 pori Ha aOCONMIOTHUX
Bucotax 600—-800 m H.p.M. a3a mouyaTky HapocTaHHs narodiB Hactama 11.05, mro

BIJINIOBIJIa€ CEpEeIHROMY 3HAUCHHIO 32 OCTaHHI 5 pokiB. BigxuneHnHs Ha aOCONMIOTHUX
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Brucotax 800—1000 M. H.p.M. BiJl CEpeIHbOI JaTH 3a OCTaHHI 5 POKIB CTAaHOBUTH 6
aHiB, a Ha Bucori Oumpme 1000 m. Hp.M — 5 gniB. [IpoXomkeHHs 1HIIUX
dbeHonoriuHuX (a3 CMEPEKH BapIIOETHCA 3 BIAXWICHHSIMHU B 1-3 nmHi. AHajloridyHa
3aKOHOMIPHICTb MPOXOKEHHS (PEHOJOTIYHMUX (a3 CIOCTepiraeTbes y sumvill 01101 Ta
OyKa JIICOBOTO.

[ToyaTok 1 TPUBAIICTh HBITIHHS TaKOXK 3HAYHOIO MIPOIO 3aJICKHUTh BiJ BUCOTH
HaJ piBHEM Mops. Y MOpiJ, sIKI POCTYTh Yy BHCOKOTIPHHUX pailOHAaX 3 CYBOPIIIUMHU
KJIIMaTUYHUMH yMOBaMH, (paza IHBITIHHS HacTtynae Ha 4-10 mHIB Mi3HIIIE, HDK B
CepETHBOTIPCHKUX.

B cknaai pocaMHHMX YrpyHnoBaHb € TpYNU BHUAIB 3 PI3HUMH LHUKJIAMU
CE30HHOTO po3BUTKY. Lle mopokye nudepeHIiaiio XKUTTEBUX HIII Ta € TPUUUHOIO
0araropa3zoBoi 3MIHM aCMEKTy YIpPYNOBAHHS Ha MPOTA31 BEreTalliHOTO MEPIOofy.
Ocob6muBo sickpaBa audepenIiamiss (GiTOIEHO31B TPOSBISETECS B Jicax, Je 0
PO3MYCKAaHHS JIUCTS JIEpEeB I'PYHTOBHI NMOKpUB NpencTaBieHuil epemepoinamu. Ll
BUJIM BCTUTAIOTh BIJLBICTH 10 MOYATKy BereTallli AEpEeBHUX BUIIB. TakuM 4YUHOM,
3aIBITAIOYM O Yep3i, TPaB’siH1 MOMYJISAIIT 3T1a/KYI0Th KOHKYPEHIIIIO 32 CBITIIO.

30UTbIIEHHST BHUCOTHM HaJa pPIBHEM MOpsS MPU3BOJAUTH JO BIJICTABAHHS
dbenonoriuanx (a3 y 4aci. lle moB's3ano 3 TUM, 110 3 BUCOTOIO HAaJl PIBHEM MOPS
3MEHIIIYEThCS CEepPEAHS TeMmIepaTrypa MOBITPs, a TaKOXK 30UIBIIYETHCS TPHUBATICTD
BETeTAIIHOTO MEPIOy.

TpuBani QeHosoriuni crnoctepexkeHHs Ha Teputopii Kapmarcekoro HIIIT
(6utpme 30 pokiB) € HIHHUM 1HCTPYMEHTOM [IJIsl BUBUEHHS 3MIH B €KOJIOTIi BHIIIB Y
BIAMOBIIb Ha 3MiIHM KiiMary. CnocrepexxyBaHi (DEHONOTIYHI TMOAll, TakKi sK
PO3rOpTaHHS JIMCTS, IBITIHHSA, JO3PIBaHHS ILIOAIB, 3a0apBJCHHS JIUCTS, OIIaJIaHHS
JIUCTSL POCJMH, MIrpallis NTaxiB, MOSBH IJIa3yHIB Ta KOMax, € YyTJIMBUMHU JO 3MIH
TEeMIIepaTypH Ta IHIINX KIIMAaTHYHUX (AKTOPIB.

OpHiero 3 HaaOCTYNMHIMUX (opM yHAOUHEHHS (DeHosoTiyHuX a3 € rpadiyHe
300pakeHHsl X Y BUIJISIL ,,(DEHOJOTIYHOrO AepeBa’, SIKEe IIOPOKY IMYONIKYEThCS Y

mopiuHuKy «JIitonuc nmpupoam» (puc. 1).
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Puc. 1. ®eHokaiMaTHYHA Nepioan3anis pOKy

AHani3 gaHux (EHOJIOTTYHHUX CIIOCTEPEKEHb MOKa3ye, 10 3a ocTaHHl 30 pokiB
CIIOCTEPITa€ThCS TEHICHIIS A0 OUTBIIT PaHHBOTO MOYaTKy BeCHU — Ha 1-3 mH1 paHimie
3a IECATUIITTS MPOTATOM ocTaHHIX 30 POKIB.

Ha naiiOmwkunii nepioa Kapnarcekuit HIIII mae Ha MeTi ckopucTaTHCcs
JIOCBIZIOM 0aratbOX HAI[IOHAJIBHUX TAapKiB CBITY, SKI PO3IMIUPUIN EKOJIOTTYHUN
MOHITOPHHT 32 PaxXyHOK 3allyueHHS TPOMAISHCHKHX HAYKOBHX IIPOEKTIB
(BosIOHTEPIB). 3amyueHHs BOJOHTEPIB JI0 CIIOCTEPEkKEHDb 3a (eHOoJOTIUHUMHU (PazaMu
nukoi ¢opu 1 hayHu HA TEPUTOPIT MAPKY T0AACTH BEIHUKY KiTBKICTh TAHUX

['poMaAChKICTh € 3alllKaBICHOI B TOMY, 1100 OpaTu y4acTh Yy 30epekeHHI
IPUPOJIU Yepe3 POMAJTHCHKY HAayKy 1 COIaJIbHY BIAMOBINAiIbHICTH. Lle 3amydenHs
MOKe MpuiMatH pi3Hi (HopMH, MOYMHAIOYM BiJl 300py (peHosoriunoi iHGopMmarii 10
BOJIOHTEPCHKHUX [HIB OYHINEHHS HABKOJHUIIHBOTO CEPEIOBHUINA Ta BIPOBAIHKCHHS

3ax0/lIB 1010 30epeKeHHs BUIIB HA OCHOBI BCTAHOBJICHUX HAyKOBHUX 3HaHb. Takox
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JIOCB1Jl HAYKOBO-TII3HABAJILHOTO BOJIOHTEPCTBA OyJe TMOB’S3aHMN 13 aKTHBHOIO
MPOTAraH/0k0 3aXUCTy HABKOJIUIITHBOTO CEPEIOBUIIIA.

VY CBiTOBIM MPUPOJOOXOPOHHIN MPAKTHUIll ICHYE YCHIIIHUM JOCBIJ 3aTydeHHS
BiJIBITyBayiB /10 CIIOCTEPEKEHHS 3a MPUPOIOI0 Ta BUBUCHHS 010JIOT1i pOCIIHH, B TOMY
gucai 1 ¢ikcamii ¢eHosoriuHux ¢a3 okpeMux BUAIB. Taka MisUTBHICTH J03BOJISE
BIJIBIlyBa4aM TMOTJIMOJIIOBATH CBOE PO3YMIHHSA 3B’SI3Ky MIXK €TalaMHU >KUTTEBOTO
UKy POCIWH, TBapUH Ta KIIMAaTUYHUMM TMOKa3HUKaMu. Ll AisyibHICTH micTana
Ha3By T'POMAJSIHChbKAa HayKa (aHel. citizen science), B HI MOXYTb OpaTH y4yacTb
BiABiayBaui [lapky (BOjOHTEpH) Ta TaKUM YUHOM JOJTYy4YaTUCS [0 YIPaBIiHHSI
MIPUPOTHUMHU PECYPCaAMHU.

[HCTpyMEHTOM 300py JaHUX /JIS BOJIOHTEPIB TaKOX MPOIMOHYETHCA IOIATOK
SMART pna moOutbHux mnpuctpoiB. B cucremi SMART BonoHTepu 3MOXKYTh
¢bikcyBaTu deHosoriuHi ¢a3u poCIHH 1 TBAPHUH MiJ YaCc TYPUCTUYHUX MOXO/IB B TOpU
Yl TPOXKUBAHHA B <GBEJICHHX Ccaaubax» B KaplaTCbKOMY pETiOHI. 3aBIsSKH
MOOUIBHOMY JOAAaTKy I JaHl OyIyTh CTaHJIApTU30BaHI Ta CYMNPOBOIKYBaTHUCS
MiTKamMu yacy 1 reosiokariero GPS. JlomaTtkoBa akTyanpHa iHGOpMalis Oyje
BOKJIMBUM JOTIOBHCHHSM JI0 BJKE ICHYIOUMX HAYKOBHUX 0a3 JaHUX.

Opnak, HaBiTh Mawoud 1HCTpyMEHTH SMART, HOBOBBEIACHHS CTHKHETHCSA 3
mpoOjemMaMu, TIOB’SI3aHMMH 13 3aJy4EHHSM BOJIOHTEPIB Ta YIPABIIHHAM 1X
JUSJIBHICTIO: aMaTOPChKI €KOJIOTIYHI 3HAHHS MOTEHLIMHUX BOJIOHTEPIB, IMOCTiHA
HEOOXITHICTh Y3TOJIPKEHHS 1HTEPECIB 1 MOXJIMBOCTEH BOJIOHTEPIB 3 reorpadicro Ta
MPUPOJHOIO ICTOPIEIO JOCIHIKYBAaHUX BHUIIB, PIBEHb JOCTOBIPHOCTI 1H(OpMalii
touto. 106 omiHuTH 3MiHU y (DeHOJIOTIl, TOTPiIOHA AOCTATHS KUIBKICTH BOJIOHTEPIB,
K1 MOXXYTh HaJ1iHO 30UpaTu JaH1 3 0ararboxX MicCIlb 1 3 IOCTaTHBOIO YaCTOTOIO, 11100
BHOpaHi ()eHOJOT1UHI 3MIHHI MOXHa OYyJI0O TOYHO OIIHUTH B OJHIA a00 KUIBKOX
nomyJsiisx. JIJist bOro MoXe 3HaI0OOMTHUCS HaliMaHHS Ta HAaBYAHHS BEJIMKOI TPYIH
BOJIOHTEpIB, 3a0€3MEeUeHHs iX 37aTHOCTI Ta 3000B’s3aHb 30MpaTH JaHl y Yac 1 B
MICIISIX, SIK1 BIJMOBIJIAOThH JOCTIKYBAHUM BHUJaM, a TAKOX MOJI0JaHHS JIOTICTUYHUX
npoOjieM, BIACTUBUX TOJHOBIM pPOOOTI. 3aBAaHHS YCKIAJAHIOETHCS TIPCHKUM

perioHom, jie MoJIbOBl MallJaHYMKHU Ba)KKOJIOCTYITHI, 1 BOHU MOXYTh OyTH JaJeKo Bi
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3BHYAWHUX POOOYMX MICIb KOOPAMHATOPIB MPOEKTY, SIKI MOXKYTh 3a0e3MeuuTd
Harmsag 1 kepiBHUNTBO. llle onna mpoOnema mossirae B TOMy, 100 Y3TOAWTH
IIPOTOKOJIM 300py JaHUX, IHTEPECH Ta 3/110HOCTI BOJIOHTEPIB, MOTPEOU KEPIBHUIITBA
[Tapky B iH(opMaIlii Ta JOTICTUKY Ha MICII.

Bel 1l nutaHHA noTpeOyHOTh MOINEPENHBOTO IUIAHYBAHHS Ta MPOPAXYHKY.
PimenHss Moe BUMarate iTepariifiHoro Mmijaxoay Mmpoo 1 MOMHIJIOK MPOTATOM OJHOTO
abo KUTbKOX MOJBOBUX Ce30HIB. Hapasi 3aBmaHHs mojsirae B ToMy, 00 po3poOuTH
IPOEKT, AKUil 103BoauTh [lapky oTpuMyBaTH JOJATKOBY 1H(OpPMALIIO IPO HACTAHHS
denonorivanx (a3 B mpeactaBHUKIB ¢uiopu 1 ¢dayHH, a ydaCHUKaM-BOJIOHTEpaM
OTPUMYBATH MO3UTUBHUI JOCBIJl CHUJIKYBaHHS 3 NpHpoaock. B maniil poboTi Mu
BHU3HAYAEMO Ta OOIOBOPIOEMO K1JIbKa KIIFOUYOBUX MIPKYBaHb:

- cucteMa (PEHOMOHITOPHHIY 3a Yy4yacTl TpOMaJCbKOCTI HE Mae OyTu
000B’s13K0BO HOBOIO. OCKUIBKM BXE ICHYE TaKUW HalpsM MOHITOPUHTOBUX
CIIOCTEpEKEHb, 10 BeAeThbes (axiBusaMu [lapky, To Oyae MpoayKTHUBHO AOAATH A0
HBOTO KOMITOHEHT TPOMASTHCHKOT HAYKH;

- 3aJTly4eHHs BOJIOHTEPIB 710 300py eHoIoT1uHO1 1H(popMaIli Ha TepuTopii
HaIllIOHAJIBHOTO TPHUPOJHOTO TMapKy, NOoTpedye (axiBIliB, 5SKI BUKOHYBaTUMYTh
(GyHKILIIT KOOPAMHATOPIB;

— BU3HAYEHHS Ta TMOMNEPEIKEHHS PHU3MKIB, 100 JONOMOITH MPOEKTY
30epertucs mia 4ac KaapoBux 3MiH. L[iITKOM MOXIIHMBO, MO0 KOOPAWHATOP MPOEKTY
3MIHUTH POOOTY, IO MOTEHIIHHO 3aBaIUTh MPOEKTY. [ ycnixy nepexoaiB NoTpiOH1
€JIEKTPOHHA JJOKYMEHTAIlisl, TUTAaHYBAHHS Ta KOOPAUHALIIS;

- OJIMH 13 MIAXOMIB TMOJSATa€E y CTBOPEHHI OaraToOpiBHEBOI Mporpamu
MOHITOPHUHTY, Y SIKIM OJMH YM KUIbKa BHUIB MOCTIMHO KOHTPOJIIOIOTHCS, ajie 1HIII
MOXYTh OYTH BUKJIFOUEH1 200 J10/1aH1 3HOBY.

— Bi3yastizallis JTaHUX MOHITOPHUHTY, KapTorpadyBaHHS Ta IHCTPYMEHTH
MPOTHO3YBAaHHA Jlal0Th 300pa)KE€HHA, AKI MOXYTb 1H(GOPMYBATH Ta BUKIUKATH
1HTEepeC MOTEHILINHUX BOJOHTEPIB, KEPIBHUKIB MICIIEBUX 1 HAIIOHAIBHHUX MpOTpam
YVIOPaBIIHHS pecypcamu, Ta IHIIUX KIIOYOBUX 3aI[IKaBICHUX CTOPIH;

— pe3ynbTaTi (PEHOMOHITOPUHTY MOKHA MOLIMPIOBATH YEPe3 IHTEPAKTUBHI
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3BiTH, 1HpOTpadiKy, BeO-caliTh, COMiabHI MEPEKI Ta 1HII KaHaJIH;

— TPaKTyBaHHS PO3MHUPEHOi 0a3u AaHWX (PEHOJOTIYHOTO MOHITOPHUHTY
MOKPAITUTh PO3YMIHHS €KOJIOTTYHUX peaKIliid 010TH 1 MABUIIUTE 3AaTHICTH [lapky 10
OOTPYHTOBAHOT'O AJIAlITUBHOIO YIPABIIHHS MPUPOJHUMH pecypcam 3 OTJsiAy Ha
BHUKJIMIKH, TIOB’sI3aHi 31 3MIHOIO KJTIMaTy.

BucnoBku. ®eHosoriuHi criocrepexeHHs B ekocucremax Kapmarcekoro HITIT
€ BOXXJIMBOIO CKJIaJI0BOIO BUBUYEHHS Mpupoau Kapnar i 30epexeHHst 610p13HOMaHITTSI.

[Tapx Mae BenuKHii TOTEHIIAN JJI1 PO3LIMPEHHS CHIBIpALl 3 TPOMAJCHKICTIO
yepe3 po3MUpPeHHs (PEHOJIOTIYHOTO MOHITOPUHTY, IO MPUHECE KOPUCTh Oyab-sAKid

MIPUPOJOOXOPOHHIN TEPUTOPIi.
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Dentistry is an important component of the general health of patients and plays
a key role in ensuring the physical and psychological comfort of a person. A healthy
oral cavity affects proper nutrition, speech, and also has a significant impact on the
general condition of the body, as problems with teeth and gums can lead to serious
diseases and complications. Thus, dentistry is a necessary branch of medicine that
ensures a full state of health.

Keywords : stomatology, 3D modeling, printed models, surgical procedures,

biocompatibility, innovations.

In the modern world, dentistry has long gone beyond traditional methods and
procedures. Developments in the field of medical technology and engineering have
significantly expanded the capabilities of dentists in diagnosis and treatment. One
such innovation is the use of 3D modeling and 3D printing in dentistry. These
technologies not only revolutionized the approach to surgical procedures, but also
improved treatment outcomes, increased accuracy and safety of operations, and

ensured patient comfort.
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In this article, we will take a detailed look at the role of 3D modeling and
printed models in the planning and execution of surgical procedures in dentistry. We
will consider the advantages of using these technologies, their application in practice
and prospects for development in this area.

3D modeling in dentistry

3D modeling is one of the key innovative technologies that open up new
opportunities in dentistry. This technology allows dentists to obtain detailed and
accurate 3D models of the patient's teeth, jaw and face. Here are some important
aspects of 3D modeling in dentistry:

Advantages of 3D modeling in planning dental operations:

Accuracy and detail: 3D models allow dentists to examine the structure of
teeth, jaws and other structures with high accuracy and detail. This helps to detect
even the smallest anomalies and problems.

Planning: Thanks to 3D models, dentists can virtually plan operations and
choose optimal strategies. They can predict the location and size of implants, choose
the right route for wisdom teeth removal or bite correction.

Risk minimization: A deep understanding of the patient's anatomy based on 3D
models helps to avoid complications and errors during operations.

The process of creating 3D models of teeth and jaws:

Scanning: The first step is to scan the patient's teeth and jaw using specialized
medical scanners. These scanners read surface data and create an accurate 3D image.

Data processing: The received data is processed using computer programs that
convert the scanned information into a 3D model.

Reproduction: The final 3D model can be reproduced physically using 3D
printing or used in virtual applications for planning and analysis.

Using specialized modeling software:

CAD/CAM systems: Computer-aided design and manufacturing (CAD/CAM)
systems allow you to create 3D models and prepare data for 3D printing. This makes
it easy to debug and adapt models for specific operations needs.

Specialized dental software: There are programs designed specifically for
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dentists that help in planning and virtual simulation of dental procedures. These
programs take into account all the peculiarities of the structure of the oral cavity and
help dentists make informed decisions.

All of these factors make 3D modeling an essential tool for dentists seeking to
achieve high precision, safety and results in surgical procedures.

1. 3D-printed models as a tool of the dental surgeon

3D-printed models have become an integral part of the practice of dental
surgeons, opening up new opportunities in planning and performing dental
operations. They allow doctors to get realistic, visually accessible and sophisticated
tools to achieve the best results. Here are some key aspects of the role of 3D printed
models in dental practice:

The role of 3D printed models in the visualization of operations planning:

Precision and clarity: 3D printed models allow dentists to view the anatomical
details of the jaw and teeth with incredible precision and clarity. This helps doctors
better understand the specific needs and capabilities of the patient.

Planning and communication: 3D printed models can be used to plan
operations and as a means of communication between members of the medical team.
Doctors can discuss the plan of action, determine the optimal ways and take into
account all possible nuances before the operation.

Possibilities of manufacturing realistic models with high detail:

Materials: 3D printed models can be made from a variety of materials,
including biocompatible ones that mimic natural tissue and tooth structures. This
gives models a realistic look and texture.

Color: Some 3D printers allow you to print in color, which allows you to create
even more realistic models that help dentists better understand anatomy.

The impact of 3D printed models on the accuracy and safety of operations:

Increased accuracy: 3D-printed models allow dental surgeons to determine in
advance the optimal plan of surgery and accurately calculate the location and
dimensions of implants or other medical devices.

Minimization of risk: Thanks to the use of 3D printed models, doctors can plan
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each step of the operation in more detail, minimizing the risk of damage to
surrounding tissues and complications.

All of this makes 3D printed models an essential tool for dentists seeking to
achieve high precision, ensure safety, and make dental operations more predictable
and successful.

2. Using 3D models for planning dental operations

The use of 3D models in dentistry opens up wide opportunities for planning
and performing dental operations. This technology allows doctors to consider and
optimize every aspect of the procedure to ensure the best results for the patient. Here
are some additional aspects of using 3D models to plan dental surgeries:

Analysis of anatomical features of the patient:

Accurate measurements: Thanks to 3D models, doctors can accurately measure
the size and shape of teeth, jaws and other anatomical structures. This allows you to
create an individual approach to each patient.

Analysis of pathological changes: Doctors can identify pathological changes or
abnormalities of anatomy that may affect the operation and develop a plan of action
to correct them.

Virtual planning and optimization of operational procedures:

Placement of implants and prostheses: Doctors can determine the optimal
placement of implants or prostheses based on 3D models, helping to achieve
maximum functionality and aesthetics.

Selection of tools and materials: With the help of 3D models, you can choose
the optimal tools and materials for the operation, ensuring the best result.

Modeling possible complications and developing strategies to avoid them:

Complication simulation: 3D models can be used to create simulations of
possible complications or problem scenarios. This allows doctors to develop
strategies to avoid them and prepare an action plan if necessary.

Increased safety: In-depth planning and analysis using 3D models help reduce
the risk of complications during surgery and ensure patient safety.

Overall, the use of 3D models to plan dental operations allows doctors to solve
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problems more accurately and efficiently, ensuring the best results for patients and
reducing the risk of complications.

3. Practical examples of using 3D models in dentistry

The use of 3D models in dentistry is becoming more and more widespread and
opens up new opportunities for planning and performing various dental operations.
The following are practical examples of the use of 3D models in dentistry:

1. Surgical removal of wisdom teeth:

Spatial location analysis: 3D models allow you to accurately determine the
location of wisdom teeth in the jaw and their relationship to nearby structures such as
nerves and blood vessels.

Planning better access: With the help of 3D models, the dentist can plan the
optimal path for wisdom teeth extraction, minimizing trauma and the risk of
complications.

2. Implantation of teeth and restorative operations:

Placement of implants: 3D models allow you to accurately determine the
optimal place for placing dental implants, taking into account the anatomical features
of the jaw and bite.

Modeling dentures: Creating 3D models of dentures allows you to decide on
their shape and size with precision, making the dentures more natural and functional.

3. Correction of bite anomalies and orthodontic procedures:

Orthodontic treatment planning: 3D models allow orthodontists to analyze the
bite and position of the teeth, which helps develop an individualized treatment plan.

Simulation of results: 3D models can be used to create a simulation of the
expected results of orthodontic treatment, helping both the doctor and the patient

understand the expected appearance and functionality after treatment.

These examples demonstrate how 3D models allow dentists to plan and
perform operations more precisely, safely and individually for each patient.
The use of these technologies in dentistry helps to improve treatment results

and ensure greater patient satisfaction.
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Conclusion The role of 3D modeling and printed models in improving surgical
procedures in dentistry is extremely important. The integration of these technologies
into the modern practice of dentists promises to improve the quality of dental care
and provide more individualized and safe treatments. However, there are challenges
related to availability and cost that will need to be overcome. Despite this, the
prospects for the development of 3D modeling and printed models in dentistry

promise many positive changes for the future practice and patients.
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Surgical dentistry is one of the most dynamically developed branches of
medicine, in which innovative technologies play a key role. The current state of this
industry is characterized by rapid changes and the introduction of the latest methods
and tools, among which software occupies a special place. It not only improves the
results of treatment, but also contributes to greater accuracy and safety of surgical
interventions .
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The development of software in medicine has deep historical roots. From
simple computer programs developed in the second half of the 20th century to
process patient data, to today's complex systems that include 3D modeling, artificial
intelligence and machine learning, this path demonstrates incredible progress in the
field of medical technology.

Modern software in surgical dentistry allows not only to accurately plan
surgical interventions, but also to predict potential risks, adapting the procedures to
the individual characteristics of each patient. This became possible thanks to the

development of algorithms for processing medical images, computer tomography and
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other technologies that provide a detailed visual representation of the patient's
anatomy.

In addition, software plays an important role in the learning process. It allows
students and young professionals to simulate various surgical scenarios, providing
safe and effective training before working with real patients.

The use of software for planning interventions in surgical dentistry provides us
with: accuracy of planning, 3D modeling and visualization and most
importantly - personalized treatment.

Accuracy of planning

Planning accuracy is a critical aspect in surgical dentistry, and in this context,
software plays an extremely important role. Thanks to advanced technology, doctors
are able to plan every aspect of surgery in detail, greatly increasing accuracy and
reducing potential risks. One of the key elements is the use of 3D modeling. This
technology makes it possible to create three-dimensional visualizations of the
patient's teeth and jaws, giving surgeons the opportunity to "see" anatomical
structures before the procedure begins. This approach not only simplifies the
identification of potentially difficult areas, but also helps to avoid unexpected
situations during surgery.

In addition, the software enables the integration and analysis of large volumes
of data, including patient medical history, radiographic images, and the results of
other diagnostic procedures. This allows surgeons to develop more precise and
effective treatment plans, taking into account the unique characteristics of each case.

The software also helps improve communication between medical
professionals. Doctors, surgeons, and dentists can effectively share information,
which provides a more comprehensive and coordinated approach to patient treatment.

Finally, the use of software in surgical dentistry contributes to the continuous
improvement of treatment methods . Analyzing data from previous cases helps to
identify trends and possible improvements, which in turn leads to continuous
development of treatment standards.

Therefore, the precision of planning provided by the software not only reduces
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risks and improves treatment outcomes, but also opens new horizons for innovation
in surgical dentistry.

3D modeling and visualization

3D modeling and visualization technologies have opened up new possibilities
for surgical dentistry, providing surgeons with unique tools for more accurate and
efficient treatment planning. These technologies allow not only to visualize future
interventions in advance, but also to significantly increase the accuracy and safety of
surgical procedures. Using 3D modeling, surgeons can create detailed three-
dimensional images of a patient's jaw and teeth. This allows for in-depth analysis of
anatomical features, identifying potential problems and planning the most effective
access routes and interventions. The use of these models also contributes to a more
accurate choice of implants , ensuring an ideal response to the anatomical features of
the patient.

In addition, 3D visualization helps improve the planning of complex surgical
procedures. For example, in cases of wisdom tooth extraction or jaw reconstruction,
3D models allow surgeons to assess possible risks in advance and determine optimal
methods of intervention. This technology also plays an important role in increasing
patient awareness. By being able to visually demonstrate planned procedures on 3D
models, patients better understand their diagnosis and treatment, leading to greater
confidence and satisfaction with the results.

3D modeling technologies are also facilitating the development of personalized
surgical tools and assistive devices. This allows surgeons to have instruments
specifically adapted to the specific anatomical and surgical needs of each case.

In conclusion, the introduction of 3D modeling and visualization in surgical
dentistry has not only revolutionized approaches to planning and performing surgical
interventions , but also significantly increased the level of safety and patient
satisfaction, opening new horizons for further innovation and research in this area.

Personalized treatment

Personalized treatment in surgical stomatology is one of the most important

directions, which significantly improves the quality and efficiency of medical care. In

64



this context, software plays a key role, allowing doctors to develop individualized
treatment plans that take into account the unique anatomical and physiological
characteristics of each patient.

This includes the use of advanced technologies of data collection and analysis,
such as 3D scanning, radiography, and computer tomography, which allows obtaining
a detailed image of the patient's anatomy. Based on this data, the software can create
accurate 3D models that doctors use to plan treatment, from choosing the type of
implant to determining the optimal surgical access.

In addition, the software allows you to take into account the patient's medical
history, including previous diseases, allergies, and other factors that may affect
treatment. This provides a comprehensive approach to each case, minimizing risks
and increasing the likelihood of a successful outcome.

The software also facilitates the development of personalized surgical
instruments and prostheses. For example, custom-designed surgical templates and
implants can be created specifically for the patient, providing a better fit and reducing
recovery time after surgery. Increasing the role of the patient in the treatment process
Is another important advantage of the personalized approach. Thanks to the
interactive capabilities of the software, patients can be more actively involved in
planning their treatment, which contributes to a better understanding of the process
and increases the level of trust and satisfaction with medical care.

Conclusions.

1. Software in surgical dentistry plays a crucial role in implementing a
personalized approach to treatment. This not only improves clinical outcomes, but
also improves patient comfort and satisfaction, and opens up new perspectives for
innovation and research in medicine.

2. The current state of surgical stomatology is closely related to the
development and implementation of advanced software technologies that not only
improve the quality of medical care, but also open up new opportunities for research

and development in this field.
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In the modern world, dentistry is rapidly developing, moving from traditional
methods to more innovative approaches. This transition requires doctors not only to
acquire new knowledge, but also to use advanced technologies to meet the growing
expectations of patients. The main focus is on an individual approach to each patient.
This approach involves detailed diagnosis and taking into account the unique
anatomical and physiological characteristics of each person. This requires accuracy
not only in diagnostic procedures, but also in therapeutic manipulations.
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Cyber-physical systems that integrate digital and physical aspects play an
important role in this transformation. These systems not only aid in diagnosis, but
also provide doctors with tools for more accurate and effective treatment. The use of
such technologies as 3D visualization, robotic assistants, intelligent monitoring of the
patient's condition during procedures allows doctors to achieve much higher
accuracy. This not only increases the effectiveness of treatment, but also reduces the

risk of complications and increases patient comfort.
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Despite significant advantages, the integration of cyber-physical systems into
dental practice poses certain challenges. This includes the need to retrain staff,
implement new data security protocols, and address ethical issues related to the use of
such technologies. However, the potential of these systems in improving the quality
of treatment and providing a more personalized approach to each patient makes them
indispensable in the future of dentistry.

Fundamentals of cyber-physical systems

Cyberphysical systems (CFS) are an important component of modern
technological developments, especially in the context of medicine and dentistry.

Definition of Cyber-Physical Systems: Cyber-Physical Systems are
integrations of computational algorithms and physical components. They include
hardware and software that interact closely with the external physical world and
people. A key feature of CFCs is their ability to interact with the physical world
through sensors and actuators , and to process information in real time, allowing them
to adapt to changing conditions.

The main components of cyber-physical systems:

Sensors: These collect data from the physical world, such as temperature,
pressure, vibration, etc.

Actuators : These devices affect the physical environment, for example by
moving or producing heat.

Computing modules: This is the brain of the system that processes data from
sensors, executes software algorithms and controls actuators .

Network interfaces: These components provide communication between
different parts of the system and with the outside world.

Principles of operation of cyber-physical systems:

Interacting with the physical world: CFCs collect data through sensors that
allow them to monitor and interact with the physical environment in real time.

Adaptability: Systems can adapt to changes in the physical environment, which
provides flexibility and higher efficiency in their application.

Autonomy: Many CFCs are able to make decisions on their own to some extent
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based on machine learning or artificial intelligence algorithms.

Integration with physical processes and equipment. In dentistry, CFCs can be
integrated with various medical instruments for more precise and effective treatment.
For example, integration with robotic surgical systems allows for more precise and
less invasive procedures. The use of CFS in dentistry offers significant benefits,
including increased accuracy, reduced risk of errors, improved patient-physician
interactions, and effective use of data to optimize treatment procedures. These
technologies open up new opportunities for the development of modern dentistry.

Application of cyber-physical systems in dentistry

Cyberphysical systems (CFS) are increasingly used in dentistry, especially in
complex operations and management of the treatment process.

Robotic surgical equipment:

One of the most impressive examples of the use of CFCs is robotic surgical
systems. They allow precise surgical manipulations to be performed with high
precision, reducing trauma and patient recovery time. Such systems can be
programmed to perform complex procedures, providing precision and consistency not
available with manual intervention.

3D visualization and operation planning:

Using CFS, dentists can create detailed 3D models of a patient's teeth and jaw.
This allows precise planning of surgical interventions and prediction of possible
outcomes. Virtual surgery planning uses scan data to create a personalized treatment
plan that takes into account the patient's unique anatomy.

Monitoring of the patient's condition:

Sensors and other monitoring systems integrated into the CFS allow
monitoring of the patient's vital signs during surgery. This includes monitoring heart
rate, blood pressure and blood oxygen levels. Real-time monitoring provides doctors
with important information that allows them to quickly respond to any changes in the
patient's condition.

Intelligent diagnostic equipment:

Modern diagnostic systems that use CFS can automatically analyze X-ray
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Images, detecting problems that may go unnoticed by manual examination. This
significantly increases the accuracy of diagnosis and helps detect diseases in the early
stages.

Automation and optimization of work processes:

CFCs are also used to automate routine tasks, freeing doctors from monotonous
work and allowing them to focus on more complex aspects of treatment. Such
automation not only improves work efficiency, but also reduces staff fatigue and
increases the overall quality of medical services. The implementation of KFS in
dentistry opens up new opportunities for increasing the accuracy, safety and
efficiency of dental treatment. These systems contribute to the development of more
advanced and patient-oriented approaches in medical practice.

Advantages and pitfalls of using cyber-physical systems in dentistry

The implementation of cyber-physical systems (CFS) in dental procedures has
numerous advantages, but also faces certain challenges.

Advantages:

Increasing accuracy and efficiency. CFCs can significantly improve the
accuracy of surgical interventions and diagnostic procedures. This allows you to
reduce the risk of complications and increase the overall effectiveness of treatment.
Automation of some procedures helps to shorten the treatment time and reduce the
physical burden on the medical staff.

Personalization of treatment: Thanks to the ability to analyze large volumes of
data, CFCs help develop individualized treatment plans, taking into account the
unique characteristics of each patient. This contributes to more effective treatment
and reduces the risk of side effects.

Improved patient experience: Using CFS can make dental visits less stressful
and more comfortable for patients, especially through more accurate diagnosis and
faster intervention.

Challenges:

Data security and privacy. Since CFCs collect and process large volumes of

medical data, it is important to ensure their security and protection against
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unauthorized access. The issue of patient confidentiality becomes especially relevant
in the context of the storage and transmission of sensitive information.

Integration with existing equipment. Integrating CFS with existing medical
systems and equipment can be complex, requiring significant technical and financial
resources. Interoperability of different systems and standardization of data are key
aspects for successful integration.

Training and education of personnel. Implementation of CFS requires
retraining of medical personnel so that they can effectively use new technologies. It is
necessary to create appropriate training programs, which can be time and financially
expensive.

Cost of implementation. Implementation of CFS may require a significant
upfront investment, questioning their affordability for some dental practices,
particularly in regions with limited funding.

Maintenance and support. CFCs require regular maintenance and updates,
which may require additional resources and specialized expertise.

In conclusion, although cyber-physical systems offer significant benefits for
dentistry, their implementation also comes with a number of challenges. Addressing
these challenges requires attention to detail, planning and coordination between
various stakeholders.

The future and prospects of cyber-physical systems in dentistry. The future of
cyber-physical systems (CFS) in dentistry promises to be exciting, with significant
development prospects that could radically change the practice of dental treatment.

Forecasts of development. Innovative technological solutions. The future is
expected to bring even more advanced CFS integrating artificial intelligence,
machine learning, augmented and virtual reality. This could include the development
of more intuitive robotic assistants and enhanced diagnostic accuracy.

Advances in bioinformatics and personalized medicine may allow dentists to
better understand the relationship between a patient's overall health and dental
problems.

Accessibility and democratization of dental services. One of the potential areas
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of development is to make CFCs more accessible to a wide range of clinics . This can
be achieved by reducing the cost of technology and developing more scalable
solutions. The implementation of KFS in regional and remote medical facilities can
significantly improve the quality and accessibility of dental care.

Patient interaction and personalized treatment. Future CFCs may provide closer
interaction with patients using interactive interfaces and individualized treatment
programs. Personalization of treatment can reach a new level, with a special focus on
prevention and early detection of problems.

Potential impact:

Quality of treatment. With increased accuracy and efficiency, CFCs can
significantly improve the overall quality of dental care. This means fewer
complications and better long-term outcomes for patients.

General trends in health care. The implementation of KFS in dentistry can
become part of a wider trend in medicine, aimed at the integration of high-tech
solutions and a personalized approach to treatment. It can also stimulate further
research and development in related fields such as biomaterials , pharmaceuticals and
genetic research.

Therefore, the future of cyber-physical systems in dentistry looks promising ,
with great potential for improving the quality of treatment, the availability of services
and the overall efficiency of medical care. The development of these technologies can
have a significant impact on the dental industry, opening new opportunities for

innovation and improvement of healthcare practices.
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Introductions. Infertile marriage is one of the most pressing problems in
modern medicine, occurring in 10-20% of families. Among the causes, endocrine
disorders, especially thyroid gland (TG) pathology, play a significant role. This is
evidenced by the increased frequency of thyroid dysfunction. It can also be explained
by the established specific hormonal relationship between the reproductive system
and the hypothalamus-pituitary-thyroid system, which confirms changes in the
functional activity of the thyroid during puberty [1, 2].

Keywords: hypothyroidism, infertility, fertility, thyroid gland, hormones.

Thyroid hypofunction, even at the subclinical level, causes deviations from the
normal functioning of the reproductive system, menstrual irregularities, infertility,
and the development of benign dyshormonal diseases of the genital organs and
mammary glands [2]. The pathogenetic basis of the clinical manifestations of
hypothyroidism is a disorder of energy metabolism due to a lack of thyroid
hormones, which leads to a decrease in basal metabolism. Metabolic changes result in
dysfunction of various organs and systems, in particular, dysfunction of the
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reproductive system [1, 3].

There is a close direct and indirect relationship between the effects of thyroid
hormones and the functioning of the reproductive system. Receptors for thyroid-
stimulating hormone (TSH) and triiodothyronine are present on ovum at all stages of
their maturation. Such receptors are also found in the corpus luteum and placental
cells. In addition, there is a homologous similarity between TSH and chorionic
gonadotropin receptors, which explains the increase in thyroid hormone synthesis
during pregnancy [4, 5]. A woman's reproductive system is a finely organized system
of interconnected structural and functional components and is under the strict control
of the highest regulatory center - the hypothalamic-pituitary system. The entire
cascade of processes necessary for follicle maturation, ovulation, fertilization, corpus
luteum function, preparation of the endometrium for implantation, blastocyst
invasion, and successful prolongation of pregnancy depends on the preservation of
neuroendocrine regulatory pathways in the woman's body. The slightest disturbance
of these mechanisms leads to a dysfunction of the entire endocrine system [3].

One of the important parts of the neuroendocrine system that significantly
affects reproductive function is the thyroid gland [2, 5]. Thyroid hormones regulate
the processes of development, maturation, and renewal of almost all body tissues.
They are of paramount importance for the establishment and development of the fetal
brain, the formation of intelligence, growth, maturation of the skeleton, the child's
reproductive system, as well as for the establishment of menstrual function and
fertility [5].

There is a close relationship between the reproductive and thyroid systems.
Decreased functional activity of the thyroid gland is accompanied by changes in the
metabolism of sex hormones, decreased levels of lutropin, follicle-stimulating
hormone and estrogen, as well as dysfunction of the hypothalamic-pituitary system in
general. First, they share common central regulatory mechanisms - thyrolyberine
stimulates not only the secretion of thyroid-stimulating hormone but also prolactin.
Secondly, there is structural homology between luteinizing hormone (LH),

follicle-stimulating hormone (FSH), human chorionic gonadotropin (hCG), and TSH
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[4, 6, 7]. The structural o-unit is common to all these hormones, and only the (-
subunit is specific to each of them. In addition, estrogens stimulate the synthesis of
not only sex steroid-binding but also thyroid-binding globulins in the liver. Changes
in the levels of these proteins are important in the pathogenesis of menstrual and
reproductive disorders [3, 7].

It has been established that the pituitary response to thyrolyberine depends on
the functional state of the gonads, in particular, estradiol enhances the pituitary
response to thyrolyberine. Decreased thyroid function in patients with autoimmune
thyroiditis (AIT) is not an obligatory symptom of the disease and cannot be its main
diagnostic criterion, while the presence of acquired primary hypothyroidism since
childhood should be considered as a result of AIT [8].

The increase in the incidence of autoimmune thyroiditis is associated not only
with the aggressive influence of a number of adverse environmental factors, but also
with the improvement of the diagnosis of this pathology. Autoimmune thyroiditis is
the most common autoimmune disease in women of reproductive age and is often
accompanied by subclinical hypothyroidism [1, 2, 7]. The cause of primary
hypothyroidism in pregnant women is more often chronic AIT. The diagnosis of
hypothyroidism is made on the basis of a decrease in free thyroxine levels and an
increase in serum TSH concentration. Patients complain of fatigue, chills, weight
gain, dry skin, and constipation. Physical examination reveals dry and flaky skin,
hoarseness of the voice, and facial swelling. In primary hypothyroidism, goiter is
usually noted [6, 8]. Hypothyroidism in women of reproductive age accounts for 2%
to 5% of the population and is one of the main factors that can lead to infertility.
Without replacement therapy, hypothyroidism leads to an increase in the incidence of
miscarriage, stillbirth, and congenital malformations [7].

Hypothyroidism is a multi etiologic clinical syndrome that occurs for the first
time as a disease of the thyroid, pituitary, or hypothalamus with decreased TSH
synthesis (secondary), which is almost never associated with pregnancy [8, 9].
Infertility on the background of hypothyroidism is also noted in the case of a regular

menstrual cycle, which is associated with insufficiency of the luteal phase of the
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menstrual cycle due to a deficiency in the synthesis of progesterone by the ovaries,
which further supports the process of implantation and trophism of the fetal ovum in
the uterine cavity [3, 6]. Hypothyroidism can cause ovarian dysfunction, which is
associated with the presence of TSH and T3 receptors on ovarian cells and
determines the direct effect of thyroid hormones on steroidogenesis, ovulation, and
corpus luteum function. Hypothyroidism causes a decrease in the synthesis, transport,
metabolism, and peripheral effects of sex hormones, resulting in a decrease in ovarian
sensitivity to pituitary gonadotropin hormones and impaired primary estrogen
metabolism [1, 6, 8].

Starting in the prenatal period, thyroid hormones stimulate growth and
development and tissue differentiation. Thyroid hormones are responsible for the
development of the reproductive system in adolescent girls, fertility, and early
pregnancy maintenance [10]. The relationship between the reproductive function and
the thyroid gland, on the one hand, is to ensure transportation and interaction with
hormone receptors, on the other hand, to regulate the processes of sex hormone
synthesis, ovulation, and luteogenesis [9, 10]. The development of luteal phase
insufficiency, impaired gonadoliberin pulse secretion leads to a decrease in
gonadotropin levels, absence of an ovulatory peak of LH, anovulation and
development of secondary hyperandrogenism, which enhances follicular growth and
development. At the level of the endometrium, a steroid receptor block occurs, as
well as a phase disorder of endometrial secretory changes and thinning of the
endometrium [4, 7].

Autoimmune thyroiditis is associated with menstrual disorders in the form of
oligomenorrhea, hypermenorrhea, persistent amenorrhea, and anovulation. The
prevalence of thyroid autoimmunity is much higher among infertile women,
especially when the cause of infertility is endometriosis or polycystic ovary
syndrome, which has a prevalence of 10-31%. [5, 9].

A number of clinical studies have shown similarities in autoimmune processes
in the thyroid gland and ovaries, which gives grounds to substantiate the autoimmune

nature of infertility in women with antibodies to thyroperoxidase. It was found that
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27% of women with ovarian failure had autoimmune thyroid pathology. In clinical
practice, the relationship between thyroid dysfunction and the development of
neuroendocrine syndrome is clearly evident [11].

In recent years, information has been accumulating on the significance of
autoimmune thyroid lesions in the genesis of menstrual and generative function
disorders. In studies of the state of some links of the neuroendocrine relationship in
juvenile uterine bleeding, it was found that an important link in the pathogenesis of
juvenile uterine bleeding is a violation of the hormonal activity of the thyroid gland.
It is the hypersecretion of thyroid hormones that leads to persistent activation of
hypothalamic centers, vascular bleeding, and a decrease in myometrial contractility
[8, 11]. It can be assumed that in women with AIT, both with and without
hypothyroidism, one of the causes of fertility disorders may be insufficiency of the
luteal phase (ILP) of the menstrual cycle. This defect can be caused by two main
reasons: a shortened luteal phase of the cycle, when the interval between ovulation
and menstruation does not exceed 10 days, and ILP itself with a normal interval
between ovulation and menstruation. In any of the above situations, a woman has
ovulatory menstrual cycles, but the morphological and functional state of the
endometrium does not correspond to the day of the cycle. To confirm the diagnosis of
ILP, an aspiration biopsy of the endometrium is required to determine the number of
days of such discrepancy, while a delay of two or more days in histological changes
should be considered a manifestation of ILP. Thus, it was found that in the examined
women, ILP is caused by both corpus luteum hormonal insufficiency due to imperfect
oogenesis and a decrease in endometrial sensitivity to sex steroids [7, 9].

The leading cause of reproductive system disorders with decreased thyroid
function is damage to the positive feedback mechanisms between the ovaries and
pituitary gland, which may be one of the causes of hyperprolactinemia in
hypothyroidism. Excessive prolactin production disrupts the gonadotropin release
cycle, decreases LH production, and stops ovulation. With an increase in the severity
of thyroid disease, there is a progressive suppression of the functional activity of the

pituitary-ovarian system, which is manifested by the onset of hypomenstrual
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syndrome, up to amenorrhea. Timely diagnosis and treatment of menstrual disorders,
correction of thyroid homeostasis, and maximum compensation for neuroendocrine
disorders can reduce the proportion of hormonal regulation of the reproductive
system and lead to a decrease in reproductive losses in the future [3, 8, 10].

According to the literature, manifest and subclinical hypothyroidism is a
significant factor in the development of infertility. Most often, manifest
hypothyroidism is associated with ovulatory dysfunction, while in subclinical
hypothyroidism, ovulation and fertilization may not be impaired, but the risk of
miscarriage increases, especially in women with antithyroid antibodies [11].
Subclinical hypothyroidism (increased serum TSH concentration with normal T4
levels) can lead to menstrual irregularities and infertility [2]. In women with
subclinical and manifest hypothyroidism, fertility may be preserved, but they are
diagnosed with ovulatory dysfunction, high risks of miscarriage, fetal developmental
disorders, and obstetric complications [3,5]. Menstrual irregularities in primary
hypothyroidism are observed three times more often and are noted in the form of
oligo- or hyperpolymenorrhea, persistent amenorrhea, and anovulation, which causes
infertility [8, 11].

REFERENCES

1. Shulyatyts'ka S. M. Vplyv dysfunktsiyi shchytopodibnoyi zalozy ta stan
reproduktyvnoho zdorov”ya divchat-pidlitkiv / S. M. Shulyatyts'’ka // Zbirnyk
naukovykh prats’ spivrobitnykiv NMAPO imeni P. L. Shupyka. — 2018. — Ne 31 (2). —
S.137-142.

2. Practice Committee of the American Society for Reproductive Medicine
Subclinical hypothyroidism in the infertile female population: a guideline // Fertil.
Steril. — 2015. — 98 Vol. 104. — P. 545-553. — DOI: 10.1016/j.fertnstert.2015. 05.028.

3. Tsysar YU. V. Rol’ tyreoyidnoyi patolohiyi v stanovlenni menstrual'noyi
funktsiyi u divchat-pidlitkiv / YU. V. Tsysar // Bukov. med. visn. — 2019. — Ne 23 (1).
S. 135-130.

4, Shulyatyts'’ka S. M. Osoblyvosti klinichnoyi kharakterystyky divchat-

77



pidlitkiv z tyreoyidnoyu patolohiyeyu ta porushennyamy menstrual'moyi funktsiyi /
S. M. Shulyatyts'ka // Zdorov"ya zhinky. — 2018. — Ne 2. — S. 49-53.

5. Impaired Fertility Associated with Subclinical Hypothyroidism and
Thyroid Autoimmunity: The Danish 99 General Suburban Population Study /
A. D. Feldthusen, P. L. Pedersen, J. Larsen et al. // J. Pregnancy. — 2015. — Ne 2015. —
P. 132718. — DOI: 10.1155/2015/132718. Epub 2015 Aug 17.

6. Clinical, hormonal, and metabolic parameters in women with subclinical
hypothyroidism and polycystic ovary syndrome: a cross-sectional study /
M. A. Bedaiwy, M. Y. Abdel-Rahman, J. Tan et al. // J. Womens Health (Larchmt). —
2018. — Vol. 27. — P. 659-664. — DOI: 10.1089/jwh.2017.6584.

7. Bachyns'ka I. V. Autoimunnyy tyreoyidyt yak chynnyk vplyvu na
stanovlennya reproduktyvnoyi funktsiyi divchat u pubertatnyy period (ohlyad
literatury 1 vlasni doslidzhennya) / I. V. Bachyns'’ka // Ukr. zhurn. dytyachoyi
endokrynolohiyi. — 2016. — Ne 3. — R. 18-23.

8. Subclinical hypothyroidism impact on the characteristics of patients with
polycystic ovary syndrome. A meta-analysis of observational studies / S. F. de
Medeiros, M. A. S. de Medeiros, C. M. Ormond et al. // Gynecol. Obstet. Invest. —
2018. — Vol. 83. — P. 105-115. — DOI: 10.1159/000485619.

9.  Subclinical Hypothyroidism in Pregnancy: A Systematic Review and
Meta-Analysis / S. Maraka, N. M. Singh Ospina, D. T. O’Keeffe et al. // Thyroid. —
2016. — Vol. 26. — P. 580-590. — DOI: 10.1089/thy.2015.0418.

10.  Correlation of menstrual disorders and thyroid diseases among
reproductive age group women in a tertiary care centre, Kimsdu, Karad /
M. M. Laddad, N. S. Khirsagar, S. Patil, G. Shinde // J. Evolution. Med. Dent. Sci. —
2016, Sep. — Ne 5 (76). — P. 5661-5664. — DOI: 10.14260/jemds/2016/1277.

11.  Tsysar YU. V. Rol’ shchytopodibnoyi zalozy v rozvytku matkovykh
krovotech / YU. V. Tsysar, O. S. Kanyuk // Med. forum. — 2019. — Ne 18. — R. 14-6.

78



YAK 611.018.4.71:616.71
CHANGES IN MARKERS OF BONE METABOLISM AND THE
CALCITONIN-PARATHORMONE BALANCE IN THE BLOOD OF
EXPERIMENTAL ANIMALS UNDER THE CONDITIONS
OF CADMIUM CHLORIDE

Khopta Nadiya

PhD, Docent,

Zolotukhina Anna-Mariia

Student

Ivano-Frankivsk National Medical University
Ivano-Frankivsk, Ukraine

Abstract. This experimental study concerns the effect of the heavy metal
cadmium on metabolic processes in the bone tissue of laboratory rats. Under
conditions of administration of cadmium ions to animals, the level of bioelements
that form the basis of the mineral phase of bone tissue decreases in the femurs. The
structure of the organic matrix is also disturbed, as evidenced by the increased
concentration of oxyproline, a marker amino acid of collagen metabolism. At the
same time, the content of parathyroid hormone in the blood of rats treated with
cadmium chloride increases, the ratio of alkaline and acid phosphatase activities
changes in a direction that allows us to assert that the processes of bone resorption
prevail over osteosynthesis.

Key words: bone tissue, cadmium, calcium-regulating hormones, osteotropic

bioelements

Introduction. Considering the contamination of soil, water bodies, and air
with toxic substances due to military actions in Eastern Ukraine, here is an increasing
need to study the impact of heavy metals on the health of the population residing in
these areas. In a report published by the Global Alliance on Health and Pollution
(GAHP) in 2019, which provided statistics for the year 2017, it was stated that
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approximately 15% of premature deaths among the adult population worldwide are
attributed to environmental pollution. In particular, Ukraine ranked fourth in this
"anti-rating" among European countries [1]. Cadmium (Cd) is one of the hazardous
pollutants, the concentration of which in the environment has constantly been
increasing even during peacetime [2]. Cd compounds enter the body mainly through
alimentary and inhalation pathways. It is known [3] that Cd possesses pro-oxidant
properties; it activates the processes of protein and lipid peroxidation, disrupts the
structure and integrity of biomembranes, and suppresses mitochondrial activity. Cd
ions competitively interact with essential divalent metals, including calcium, zinc,
magnesium, copper, which are necessary for normal metabolic processes in bone
tissue [4]. Additionally, cadmium ions form strong complexes with organic ligands,
block sulfhydryl (-SH) groups of proteins, and reduce the activity of many enzymes.

Objective. Considering the significant prevalence of bone pathologies among
the population, their multifactorial nature [5], and the yet unclarified influence of Cd
on the state of bone tissue, the aim of this study was to investigate changes in the
activities of enzymes — markers of bone metabolism, content of osteotropic
bioelements, marker aminoacid oxyproline, and levels of calcium-regulating
hormones in the blood plasma of experimental animals under conditions of
experimental cadmium intoxication.

Materials and methods. The research was conducted on male albino rats with
a weight range of 180-220 g, which were kept on a standard diet with adherence to
bioethics requirements [6]. The animals were divided into two groups: Group
| - intact, whose parameters were taken as controls (n=8), and Group
Il - experimental (n=10), to which cadmium chloride toxicant was administered for
10 days, at a dose of 1/10 LDs, (CdCl,). The animals had free access to drinking
water. Blood samples were collected from animals in the experimental group on days
1™ 14™ and 28" after the completion of toxicant administration. Plasma samples were
analyzed for total calcium (Ca) concentration, phosphates, and hydroxyproline levels,
as well as the activity of alkaline and acid phosphatases, using standardized

methodologies and reagent Kkits [7]. The content of calcitonin and parathyroid
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hormone was determined by an immunoassay method. The content of macro and
microelements in the femur bones was determined by atomic absorption
spectroscopy. The statistical analysis of the experimental results was conducted using
licensed software programs, including the Student's t-test method.

Research results. Calcium concentration, one of the most tightly controlled
constants in blood plasma, underwent different changes in experimental animals
compared to intact ones: on the first day after the administration of CdCl,, it
decreased by 16.8%, and in the following period (14-28 days), it gradually increased,
exceeding intact values by 24.5-38.1%. The level of calcium in blood plasma and its
content in bones are regulated by the hormones calcitonin and parathyroid hormone.
The content of these hormones during the 14" day of cadmium intoxication showed a
significant decrease in the level of calcitonin - 13 times, and an increase in
parathyroid hormone — 2 times compared to intact animals. The concentration of
inorganic phosphates in the plasma of experimental animals changed as follows: on
the 14™ day, it decreased by 16.2%, and on the 28t" day, it increased by 22.8%
compared to the control indicators of the intact rats group.

Alkaline phosphatase is associated with the activity of osteoblasts, making it a
marker of bone formation, while the activity of tartrate-resistant acid phosphatase
indicates a predominance of bone resorption, as it is secreted by osteoclasts in the
resorption zone of the bone. The ratio of alkaline to acid phosphatase activity
(ALP/AAP) is an informative indicator that characterizes the balance between bone
formation and resorption processes [8]. During the observation period, this indicator
significantly decreased by 2.8-4.9 times compared to intact animals, indicating a
predominance of bone tissue resorption over its formation (osteogenesis). The
concentration of oxyproline, a marker amino acid for collagen turnover, in the plasma
exceeded control levels by 2.2-2.5 times by the end of the experiment, confirming the
process of organic matrix destruction in bone tissue under the influence of CdCl..
The content of osteotropic elements such as magnesium, zinc, and copper was
significantly lower than in intact animals, by 2.5-4.2 times by the end of the

experiment. Important to note that the cadmium content in the bone tissue steadily
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increased (17-fold during the 28-day observation period), confirming the ability of
this heavy metal to accumulate in the body and its antagonistic relationship with
osteotropic microelements.

Conclusion. Therefore, the administration of Cadmium in the form of CdCl, in
experimental animals, specifically male white rats, leads to disturbances in
phosphorus-calcium metabolism, disruption of the balance of Ca-regulating
hormones, and alteration of metabolic processes in bone tissue. These changes are
accompanied by the destruction of the collagen matrix of the bone (resulting in
increased concentration of hydroxyproline) and demineralization of the bone.
Accumulation of cadmium is accompanied by a decrease in calcium, magnesium,
zinc, and copper in bone tissue. Such experimental data require further investigation

as they may be a cause of osteopenia and osteoporosis development.
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Abstract. The peculiarities of the course of childbirth, pain syndrome,
psychoemotional state of the woman in labor, and the occurrence of complications
during childbirth for the partner were analyzed. A positive effect on a woman's
well-being was revealed. There was a tendency to decrease the frequency of
congenital anomalies in women whose partners were present during childbirth. An
increase in the emotional connection between partners and a positive perception of
men's reproductive behavior were noted.

Keywords : partner childbirth, psychological burden, psycho-emotional state.

Every year, the topic of partner births becomes more and more relevant and
popular among expectant mothers. As of 2022, Ukraine's birth rate was 13.1% and
ranked 189th in the world. In the first half of 2023, 96,755 children were born in
Ukraine (47,129 girls and 49,626 boys). This is 28% less compared to the
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corresponding period of 2022 (135,079 children). This downward trend in the birth
rate is observed due to the war in the country, the mass immigration of women of
childbearing age and the fear of giving birth in the conditions of martial law. The
process of childbirth is a great mental burden, especially today, so the introduction of
modern safe and effective partner childbirth has led to improvements in women's
health indicators. After all, it turns out that excessive psycho-emotional stress, a
feeling of fear before childbirth play an important role in the disruption of the
contractile activity of the uterus, bleeding and distress of the fetus. Partner type of
childbirth is progressive now, as it is the closest to natural, physiological. At present,
in obstetrics, it is considered optimal to carry out normal childbirth in hospital
conditions, with the right of the pregnant woman to be present during childbirth. In
partner births, in addition to doctors, midwives and other hospital workers, a partner
Is present during childbirth, who provides psychological support to the woman in
labor [5].

Preparation for partner childbirth increases its favorable course. Carrying out a
partner birth improves not only the biological, but also the mental readiness of the
pregnant woman for childbirth, reduces the frequency of complications, improves the
condition of the newborn and the mother. A partner during childbirth gives the
woman in labor the opportunity to relax and calm down, his active help,
psychological and physical support facilitate the course of childbirth for the woman.

J. Sasmore was one of the first to record the connection between partner
childbirth and positive childbirth dynamics. In 1971, J. Sasmore at an international
conference in London presented the results of 4,500 partner births, concluding that
the presence of a partner protects a pregnant woman from fear and loneliness,
increases the ability to tolerate pain and improves a woman's adaptation to childbirth
[1].

Medical practice around the world also confirms the positive impact of partner
childbirth. Abroad, partner birth has been practiced for more than thirty years, and in
most countries people have a positive attitude to the presence of a partner during

childbirth. For example, in the USA, this issue is approached quite responsibly. For 9
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months, the couple attends partner courses to prepare for childbirth, it is considered
unnatural not to have a partner during childbirth. In case of impossibility of the
presence of a man, the hospital assigns a nurse, who stays by the woman's side all the
time [6]. At the same time, partner births and their video recording are allowed in
French medical practice. The presence of a partner is also not prohibited during
caesarean section [7]. In Sweden, it is practiced to cut the umbilical cord by the
child's father.

Now in Ukraine, it is no longer uncommon for couples to choose partner
childbirth. In May 1995, such practice was carried out for the first time in the
Perinatal Center of the city of Kyiv. The high efficiency of "partner childbirth™ in
Ukraine has been proven and deserves our recommendation for further
Implementation in practice [5].

Various authors who analyzed childbirth with the psychological support of a
partner cite data on a significant decrease in the frequency of emergency cesarean
section, childbirth traumatism, as well as a decrease in the frequency of abnormalities
of the contractile activity of the uterus and the need for medical anesthesia.

The most necessary thing for a woman during childbirth is a sense of security,
so in some countries it is practiced to have a "supporting companion” during
childbirth, so the future father of the child can serve as a partner - in 82% of cases, or
another close person (mother - 6%, sister — 5%, others — 7%).

According to the latest research by S.Yu. A widow, a pregnant woman is the
initiator of the presence of a partner during childbirth in 48% of cases, and a man in
only 17% of cases, in 3% of cases doctors helped to make a decision and about 32%
could not determine who exactly was the initiator of the idea [3, p. 58]. According to
the research results, 70% of the interviewed women noted the positive psychological
influence of the partner, and 28% of the women claimed that the partner's
participation did not have a positive effect during childbirth [3, p. 59].

A survey was also conducted, which concerned the sex life of the couple. After
12 months after giving birth, the partners were interviewed, and based on their

answers, the following results were obtained: 55% of men and 39% of women
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claimed that their sexual relations had not changed, 44% and 28% - believed that they
had improved; 17% and 17% reported a deterioration in sexual relations [8].

It is important for a man to be able to provide assistance to a woman in labor.
The partner's task is to create a safe psychological atmosphere for childbirth , to
support the mother . It has also been proven that the partner is the best mediator
between the wife and the medical staff [10].

Certain conditions are necessary to ensure a successful partner birth: a separate
delivery room, a separate room and a shower for the partner. An important
component of a man's preparation for childbirth in a couple is monitoring his health.
It is important to pay attention to certain restrictions that prohibit the presence of a
partner:

- detection of pathogenic and opportunistic flora in the partner;

- the presence of acute diseases;

- refusal of one of the partners in partnership childbirth.

The main purpose of these surveys is to confirm the positive impact of partner
births. These surveys show that the pathological type of gestational dominance is
observed 3 times less frequently in partnered births than in women who plan to give
birth without a partner. About 80% of women and partners are completely satisfied
with the course of childbirth.

Partner childbirth has a positive effect not only on the mental state, but also on
the direct act of giving birth to a child. This is manifested due to a decrease in the
frequency of birth anomalies and in some cases a decrease in the physical and
psychological burden on the staff.

Of course, partner childbirth should be considered in various aspects. It is not
necessary to forget about the individual characteristics of the psyche of each person.
As a result, both positive and negative opinions are expressed regarding the
expediency and consequences of a man's presence during childbirth. Among the
responses of men who were present at the birth of a child, the main negative
experiences are highlighted: fear, feeling of powerlessness, possible violation of

sexual relations, depression, conflicting attitude towards the child [12].
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The husband's perception of childbirth and the newborn child is important.
When the experiences of fathers who were present at the birth of their child were
studied in Finland, the researchers determined what the fathers felt during the birth
and how the men perceived the meaning of the birth. The study included a sample of
137 parents who were present at the birth of their child at Kuopio Hospital in Finland.
Parents were asked questions with five pre-set options, followed by open-ended
guestions about their experiences of partner births. The results of the study showed
that of the four main categories, the category "feeling uncomfortable” refers to fear,
anxiety and helplessness. The parents' greatest concern was how the woman would
cope with the birth and a heightened sense of helplessness, followed by concern for
the child's well-being and the fear that their partner might die. Answers to
open-ended questions showed that parents were most afraid of the pain experienced
by their partner, as well as the fear of blood and surgery. Researchers found that
fathers under the age of 32 and first-time birth parents were more anxious during
childbirth than older and more experienced fathers [13].

G.B. Malgina [11] singles out three options for the behavior of men in partner
births:

- active-adequate, which is characterized by the active participation of the
partner. the man confidently helps the pregnant woman to adopt the most comfortable
position, follows the recommendations of the medical staff, performs various
manipulations in order to reduce pain sensations;

- passive-contemplative behavior characterizes partners who do not understand
how they can help their wife and practically do not participate in the childbirth
process. they observe the actions of the pregnant woman and the medical staff, and
when the newborn appears, they do not show much joy, but the emotional
relationship to the child is warm;

- aggressive-offensive behavior is manifested by men's attempts to aggressively
intervene in the actions of medical personnel, they do not help their wives.

Based on the above, many practitioners know how much the partner's behavior

affects the course of childbirth. The partner's actions often differ and depend on
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psychological preparation. Considering these factors, it is important to talk to a
psychologist and identify those who should not be present at the birth. The influence
of the presence of a man on the course of childbirth, on family relationships, the
importance of scientific knowledge in this field demonstrates the presence of a man
during childbirth. Parents must be well aware of the psychological features of the
childbirth process, they must be educated and prepared for choosing a partner.

To structure the acquired knowledge O.0O. Korchynska, U.V. Voloshyna, E.V.
Ovvadi created a certain classification of partner behavior. They distinguish 2 types
of male presence during childbirth [9]:

1. The partner is next to the wife in the antenatal ward and helps her during
contractions, and when the second period begins, the father leaves and returns after
the birth of the child;

2. The man is present during the entire birth process and actively participates.

The presence of men during the birth of their own child has a double positive
meaning. First, it is an opportunity to recognize that a woman is the basis of the
family, the basis of the happiness of the present and the whole life of the family; an
exceptional opportunity to form the male parental instinct, the existence of which
some question in general. Secondly, the experience of European and American
doctors shows that the number of complications during childbirth has decreased by
80%. When evaluating the trauma associated with the mother during childbirth, the
frequency of opening the cervix and the frequency of postpartum complications are
reduced by 4 times. A beneficial effect on the microbial colonization of the newborn's
body and a decrease in the need for antibacterial therapy in the mother in the
postpartum period, as well as a decrease in the frequency of prescribing antibiotics to
newborns, were noted. Women who participated in the study both physically and
emotionally said they felt more comfort and joy in their lives than women who
participated in the study alone, data from the visual analog pain scale demonstrated
this.

Pathological childbirth and complications during physiological childbirth are

an important aspect of research. Based on the results of research by V.I. Boyka and
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N. A. Kobyletska, among women who gave birth together with a partner, the risk of
childbirth complications is 29%, and the risk of premature spillage of amniotic fluid
Is 11.5%; among women who gave birth alone, these indicators are 54% and
22.6-29% [2, p. 34]. According to the research data of T.Yu. Babacha, in the presence
of a partner, normal physiological childbirth occurred in 82.4%, and in childbirth
with the help of medical personnel, 57.4%. In 17.6% and 42.6%, childbirth was
complicated, and the weakness of childbirth and cesarean section is 5.5% and 2.9% in
partnered births and 23.6% and 9% without a partner [4, p. 18].

Conclusion. Partner childbirth has a positive effect on both the physiological
course of childbirth and the psychological state of the woman. Childbirth in a couple
reduces the complexity of the process for a woman, reduces the intensity of pain,
gives her a sense of security and strengthens the emotional connection between
partners. In the future, the whole family is expected to have a positive profile. A
married couple recognizes the value of each other, the postpartum period passes more
easily. The process of adaptation to a new life situation in both women and men
occurs faster and with less discomfort. Partner childbirth is a successful way to avoid

pathological obstetric conditions.
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Abstract: Early repolarization syndrome demonstrates as J-point elevation on
an electrocardiograph between the end of the QRS complex and the beginning of the
ST segment in 2 contiguous leads. The prevalence of early repolarization
pattern/syndrome varies between 3% and 10% of the overall population. Early
repolarization pattern had been considered as a benign finding until 2000. However,
numerous more recent reports have suggested a relationship between early
repolarization and an increased risk of death from cardiac arrhythmias. Whereas, an
early repolarization pattern is relatively frequently found on surface ECGs in the
overall population, the majority of individuals presenting with an early repolarization
pattern will remain asymptomatic. The purpose of the present study is to review of
the English-language literature regarding the risk of developing fatal, grave
consequences caused by early repolarization syndrome, and thus guide physicians in
their approach to these patients. Articles were found by searching at PubMed with the
search words "early repolarization pattern", and "early repolarization syndrome", and
" inherited electrical diseases".

Key words: J wave; early repolarization syndrome; ventricular fibrillation;

sudden cardiac death, Brugada syndrome.

Sudden cardiac death (SCD) accounts for approximately 50% of all
cardiovascular deaths, with up to 50% being the first manifestation of cardiac disease
[1]. Cardiac diseases associated with SCD vary depending on the individual’s age. In
the young there is a predominance of primary electric diseases and cardiomyopathies,

as well as myocarditis, and coronary anomalies. Potentially inherited electrical
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diseases or structural non-ischaemic diseases may cause more than 50% of SCD in
individuals under the age of 50 years [2].

The electrocardiographic early repolarization pattern (ERP) is found in
approximately 5% of the general population and has long been thought to be a
“normal variant” [3]. However, emerging data [4-5] demonstrate an association
between ERP in the inferior leads and sudden cardiac death.

Early repolarization pattern is a common potentially inherited electrical
diseases that characterized by presence of a J wave, a positive deflection immediately
following the QRS complex, in f.e. the inferolateral ECG leads [1]. The J point refers
to the junction between the end of the QRS complex and the start of the ST segment.
Elevation of the J point typically manifests as a slurring or notching of the terminal
part of the QRS complex. Based on the most recent expert consensus, in order for ER
to be present, the following criteria have to be met; 1. end-QRS notch or slur on the
downslope of a prominent R-wave, 2. J point is >0.1 mV in 2 or more contiguous

leads, excluding leads V1—V3, and 3. QRS duration is < 120 ms.

J peak

I
|
|
"
'
"
| /
M
|

J onset J termination J onset J termination
Fig. 1. ER pattern on the surface ECG.

The examples illustrate an end-QRS notch (LEFT) and slur (RIGHT) on the
downslope of a prominent R-wave.

In early repolarization syndrome patients, current imbalances between epi- and
endo-cardial layers result in a dispersion of de- and repolarization [1]. These
imbalances manifest as J wave or ST segment elevation on the surface ECG. In the
epicardium, a larger transient-outward K" (I,,) and Adenosine triphosphate-sensitive
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current (Ixarp), and a reduced inward sodium (Iy,) and inward calcium (I¢, ) current
than in the endocardium result in greater net repolarizing outward current flow during
the early phase of the myocardial action potential. In early repolarization patients, a
further increase in epicardial net outward current results in an increase of differences
of action potential between epi- and endo-cardium. The resulting prominent notch in
the action potential of ventricular epicardium but not endocardium induces a
transmural voltage gradient during ventricular activation and manifests as J wave on
the surface ECG. The electrical heterogeneity results in so-called phase 2 reentries,
which produce closely coupled PVCs capable of initiating circus movement reentry
and ventricular fibrillation [6].

As noted above, ER is an ECG finding. Two terms, distinguished by the
presence or absence of symptomatic arrhythmias, have been used to describe patients
with this ECG finding:

eThe ER pattern describes the patient with appropriate ECG findings in the
absence of symptomatic arrhythmias.

eThe ER syndrome applies to the patient with both appropriate ECG findings
and symptomatic arrhythmias [1].

The genetic basis of ER syndrome continues to be elucidated, with the
evidence restricted to either case reports or preliminary studies that have not
identified an accepted genetic basis of ER [7]. The reported implicated gene
mutations involve the KCNJS gene (responsible for the ATP-sensitive potassium
channel Kir6.1 - Igarp current); CACNAIC, CACNB2, CACNA2D1 genes (responsible
for the cardiac L-type calcium channel - Ig,; current); and the SCN5A4 gene
(responsible for the sodium channel - Iy, current) [8]. First-degree relatives of
patients with the ER pattern are more likely to also demonstrate the pattern, but this
weak association has not been associated with clinical implications [9,1]

Given the relatively high prevalence of the ER pattern in the general
population (5 percent) in comparison with the incidence of idiopathic ventricular
fibrillation (VF) (approximately 10 cases per 100,000 population), the ER pattern is

nearly always a benign incidental ECG finding [1]. There are no specific signs or
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symptoms attributed to the ER pattern. In the absence of SCA, no additional testing is
required in persons with the ER pattern. Asking patients to perform the Valsalva
maneuver may unmask or accentuate the ER pattern [10].

Patients with ER syndrome typically present with SCA due to VF. Syncope
has not been shown to be more common in patients with ER pattern [11].

The diagnosis of ER syndrome is most commonly considered in a survivor of
SCD with ECG evidence of VF and an apparently structurally normal heart following
extensive testing [12]. A systematic assessment of the survivors of SCD without
evidence of infarction or left ventricular dysfunction is reported to establish a
causative diagnosis in the majority of cases [1, 5].

Some individuals with Brugada syndrome (ECG findings of ST-segment
elevation in leads V1 to V2 associated with SCD or sustained ventricular arrhythmia)
also have ER (approximately 12 percent) as variants in genes encoding the L-type
calcium channel, ATP-sensitive potassium channel, and sodium channels have been
associated with both of these conditions [13]. Additionally, some ECG characteristics
of ER resemble features of the Brugada ECG, including J waves, pause and
bradycardia dependent accentuation, the dynamic nature of the ECG manifestations,
short-coupled extra-systole-induced polymorphic ventricular tachycardia/ventricular
fibrillation, and suppression of the ECG features and arrhythmia with isoproterenol
and quinidine [7]. However, the provocation of the Brugada pattern by sodium
channel blocker is not observed in ER [14]. In fact, sodium channel blockers in most
patients with ER attenuate the J-point, whereas the J-point is augmented by
sodium-channel blockers in the right precordial leads in patients with a Brugada
ECG. Furthermore, a positive signal-averaged ECG and structural abnormalities in
the RV outflow tract are not consistently observed and have not been reported in
patients with ER.

Conclusions. Early repolarization, previously thought to be a standard variant,
1s now a significant risk factor for sudden cardiac death, especially in patients with
inferolateral J-waves and structural heart diseases. Future research is required to

determine how to point out the asymptomatic individuals who are at an increased risk
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and what measures may be taken to avoid it.
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BUKJIaga4l

KomMyHnanbsHUit 3aKi1a]] OCBITH

[TonraBchkuii 6a30BHt MeTUUHUN (HaxOBUM KOIEIK
[TonTaBchbKOi 001acCHOT paau

M. [lonraBa, Ykpaina

AHoTamisi: Y crati po3risIaroThes mpodeMa, OCHOBHI 3aBAaHHS HaJ SIKUMH
MPaIoTh BHUKJIAAa4l IMKIOBOI KOMICII 3 OCHOB MEJCECTPUHCTBA Ta KIIHIYHUX
JTUCLUILUIIH, METOJIU MATOTOBKHU KBaTi(h1KOBAaHUX (DAXOBUX MOJOJAIINX OaKaJIaBpiB.

KurouoBi cioBa: mukioBa Komicis, ¢paxoBUil MOJIOAIINN OakaiaBp, OCBITHIM

MpoIiec, 3100yBay OCBITH, OCBITHI KOMIIOHEHTH, HABYAJIbHO-METOAMYHA pOOOTAa.

[TinroroBka kBami(ikoBaHUX (HaxOBUX MOJOMIIMX OakamdaBpiB y Hall Yac
BUMAara€e KOpPIHHOT TiepeOyJI0BU OCBITHBROTO TMPOIECy 1 HaBYaJIbHO-METOJIUYHOT
pobotu BukiagaviB. ChOTOJEHHS 1 BOPOBA/DKEHHS CydacHUX (OpM 1 METOJIB
HaBYaHHSA HeBig'eMHl. OCKIIBKM SKICTh IMATOTOBKH MOJIOAIIUX OakajgaBpiB
BU3HAYAETHLCS HE TUIBKM OOCATOM IIEBHMX 3HAHL 1 HABHKIB, a M 3JaTHICTIO JIO
CaMOOCBITH Ta TBOPYOi MISIILHOCTI. TpaaulliifHUA TMpOIeC MiATOTOBKH MOJIOIIINX
OakasiaBpiB MOTpeOye KOpiHHOI TepeOynoBU: 3100yBad OCBITM TMOBUHEH YUYUTHCS
camocTiiHO. Taki yMOBHM 3yMOBJIEHI CyYaCHUMH MOTpeOAMHU CHCTEMH OXOPOHHU
3nopoB’sa. lle B cBoro uepry cmopusic 3abe3nedeHHIO (OpMYBaHHS 3HAHb, YMIHb
3100yBayaMM OCBITH, JIO3BOJISIE BIIIATHU BiJ CTAaHAAPTHOCTI MHCJICHHS Ta PO3BUBAE

MparHeHHsl 10 3HaHb. 3/700yBa4 OCBITH CTa€ AKTUBHUM YYaCHUKOM OCBITHBOTO
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poIIecy.

[lutanHsa opraHizarlii HaBYAIHHO-METOAMYHOI POOOTH 3aBXAW OyJIo 1 € B
IIEHTP1 yBaru IeaarorivHoro KOJEKTUBY IMKJIOBOT KOMICIi 3 OCHOB MEICECTPUHCTBA
Ta KIIHIYHUX JACHUILIIH.

Jlo cknaay IUKIOBOI KOMICIT BXOJSITh JIOCBIIUEHI BHKJIaadi. Ix memgaroriunmii
JIOCBIJT € TIATPYHTSAM, Ha SKOMY 3pOCTa€ iXHs meaaroriyia MactepHicTs. Ha nmkomi
BHKJIQ/IAIOTHCS BCI KIIIHIYHI OCBITHI KOMIOHEHTH. MeToaudHa mpobiieMa, Haj SIKOIO
IpaIloe Hall KOJICKTUB: «BuUkopucTaHHA HUGPOBUX TEXHOJIOTIH Uil OE3MEYHOro
OCBITHBOTO CEPEIOBUIIA B yMOBaX BOEHHOTO CTaHY»

OCHOBHUMU 3aBJaHHSAMU, HaJ SIKUMU TIPAIIO€ KOMICIS €:

— M1JBHUIICHHS SKOCTI MPAKTUYHUX BMIHb T4 HABUYOK;

— BIPOBA/I)KYBaHHS HOBITHIX TEXHOJIOT1i;

— dbopmyBaHHS BCEOIYHO PO3BUHEHOT TBOPUOI OCOOMCTOCTI 3 BIATOBITHUM
pIBHEM 3HaHb;

- MOCTIHHE  MIABUIINEHHS  PpiBHA  KBamidikamii Ta  memaroriyHoi
MaiCTEpPHOCTI BUKJIQ/1auiB.

Benuka yBara mNpuAUIIETBCS PO3BUTKY OCOOMCTICHMX SIKOCTEH 3700yBaya
OCBITH, SKHW MparHe 10 TOCTIHHOTO CaMOCTIMHOTO ITIJIBUINCHHS CBO€I MEIUYHOL
ocBiTU. JIJIsi CTUMYJIOBAaHHS CaMOCTiHOT poOoTH 3100yBayiB, sKa BKIIOYAE
pPI3HOMAaHITHI BUJIW I1HAWUBIAYaJIbHOI Ta KOJEKTHBHOI OCBITHBOI MISTTBHOCTI 1
3IMCHIOETHCS OCOOMCTO 3700yBayaMu OCBITHM Ha ayJUTOPHHUX Ta TMO3aayAUTOPHUX
3aHATTAX, BUKIAJadyaMd LMKJIOBOI KOMICIL PO3pO0JIeHI METOAMYHI pPEeKOMEHJallii,
00’eqHanl B KoMmruiekcu. Lle mae MOXIMBICTH 3100yBayaM OCBITH Kpallle OBOJIOJIITH
TEOPETHYHUM MaTepiajioM Ha MPaKTUYHHUX 3aHATTAX. J[JI 3pydyHOTO KOPHUCTYBAaHHS
METOJMYHI pEeKOMEHJAIlli TepeHeceHl Ha eJeKTPOHHI Hocli. MeToauyHuMu
MaTepiajiaMu 3700yBadi OCBITH KOPUCTYIOThCSl Y HaBYAJIbHUX KiMHaTax, 016JioTeli,
B JIOMaA.

BuknamauamMu BIpoOBaIKYIOThCSI PI3HOMAHITHI (JOPMU KOHTPOJIIO CaMOCTIHHOT
poOoTu 3m00yBauiB OCBITH: Ha TEOPETUYHUX 3aHATTAX; IMiJI YaC BUKOHAHHSI

KOHTPOJIbHUX POOIT; Ha MPAKTUYHUX 3aHATTAX; MIJ 4Yac MepeBipKU pedeparTiB; HA
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CEMECTPOBHX Ta JAECPKABHUX €K3aMEHAX.

JlocBin Hamoi poOOTH MOKa3ye, MO Ti 3100yBayl OCBITH, SIKI MPH MiATOTOBIII
KOPUCTYBAJIUCSA METOJUYHOIO JITEpPaTypor, MalOTh Kpallll 3HAHHS, HDK Ti, IIO
KOPHUCTYBAJIMCS JIMILE MiIPYYHUKAMU. 3aHATTS 3 KIHIYHUX TUCIUIUTIH TPOBOAATHCS
Ha BUCOKOMY (PaXxOBOMY Ta METOJUYHOMY PiBHSX.

s onTuMizarii OCBITHBOT'O poriecy BUKJIaJadaMU CKJIaJIEHI
HABYAJIbHO-METOANYHI KOMITJIEKCH 3a0€3MeueHHs] TCOPETUYHUX 1 MPAKTUYHUX 3aHATD
3 OCBITHIX KOMIOHEHTIB. J[JI1 TEOPETHUYHUX 3aHATh MIATOTOBJIEHO KOMILUIEKCH, SIKI
BKJIIOYAIOTh TEKCTU (POHOBUX JIEKIIiH, 3aTBEp/PKEHI Ha 3acCiaHHI UKIOBOI KOMICIT;
pi3H1 (OpMU KOHTPOJIO 3HAHBb (TECTH, TpadiyHi 1 MUCHMOBI AUKTAHTH, CUTYaIllliHI
3a/1ad4i).

HaBuanpHuii Matepian BUKIAAAETHCS 3 BUKOPUCTAHHSIM HOBITHIX TEXHOJIOTIH:
MYJIBTUMEIINHUX cucteM, internet-pecypciB. Ilix yac mojgaui HOBOro marepiainy
MIPAKTUKYEMO BUKOPUCTAHHA Tpad)oJIOTIUHUX CTPYKTYP, B SAKUX BUAUISIETHCS 3MICT 1
JIOT1Ka TEMH.

Komrniekcn 10 MpakTUYHUX 3aHATHh BKJIKOYAIOTh 1HCTPYKINT A0 MPaKTUYHOTO
3aHSATTS; IHAUBIIyaJIbHI 3aBJIaHHS PI3HOTO PIBHS CKJIAJHOCTI; pO3/IaTKOBUI MaTepia;
AITOPUTMH NIPAKTUYHUX HABUKIB. Takuii KOMIUIEKC MPOTIOHYETHCS 300yBady OCBITH
Ha KOXXHE MPaKTUYHE 3aHATTA. 3100yBaui ocBitu Ha 100% 3abe3nedeni airopuTMaMu
BUKOHAHHS MPAaKTUYHUX HABUKIB Ta pO3AaTKOBUM MatepianoM. KpiM Toro Ha
MPaKTUYHUX 3aHATTAX 37100yBavl OCBITU PO3B’SI3YIOTh CUTYalliiiHi 3a1a4i. Oco0arBo
aKTyaJbH1 KIJIIHIYHI CUTYallliiH1 3a/1ayl MpU BIJCYTHOCTI XBOPHUX 200 HEMOKJIMBOCTI
iX pemMoHcTpalli. Y OUIBIIOCTI 3a/1ad MOJACNIIOIOTHCS CUTyallli, MOAIOH1 10 THX, SK1
MOJICITIOIOTh TIPAKTUYHY JISTIBHICTh MEIUYHOI cecTpu un (enmpamepa. Curyariiina
3ajja4a € OCHOBHOIO CKJIQJIOBOIO KiHIIEBOTO KOHTPOJIIO 3HAHb, OCKUIBKH BBEJCHA B
KOXKEH OUIeT KOMIUIEKCHOTO Jep)KaBHOTO ek3aMeHy. KokHomy 3100yBady OCBITH
MIPOTIOHYETHCSI BCTAHOBUTHU TOTIEPETHIN J1arHO3, OOIPYHTYBATH HOTO, CKJIACTH TIaH
oOCTeXXeHHsI a00 JIaTU IHTEPIPETAIil0 JOJAATKOBUX OOCTEKEHb Ta IPU3HAUYUTH
JIKyBaHHS.

TectyBaHHsT HaAOyJO0 IIMPOKOTO BUKOPUCTaHHS Yy OCBITHBOMY MPOIECI.
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Buknamadamu po3po0ieHi HaBYaIbHI TEMAaTHYHI TECTOBI 3aBIAaHHS, KOHTPOIBHI JJIs
MEePEBIPKHA MMOTOYHOTO Ta KIHIIEBOTO PiBHS 3HaHb. lle mae MOXIMBICT BU3HAUYHUTH
pIBEHb MIATOTOBJEHOCTI 3700yBadya OCBITH, IEPEBIPUTH JIOT1YHICTh MHCJICHHS,
3aCBOEHHSI 3100yBadyaMH OCBITH MPOTPAMHOTO Martepiany. 3aBAaHHS MO BCIX TeMax
chopMoBaHI B JBa BapiaHTHU: MEPIIUA 3 BHUAICHOI IPABUJIBHOKO BIIMOBIIIIO
(HaBYAJIBHUM KOMIUIEKC), a IPYTrUi KOHTPOJIOIOUHA, B IKOMY MPAaBUIIbHY BIIMOBIIbH
oOupae 3100yBay ocBiTH. Ha KO)KHOMY IPaKTHYHOMY 3aHSTTI 3400yBaul OTPUMYIOTh
BapiaHT TEMAaTUYHUX CUTyallMHUX 3aBaaHb. I[licisi mepeBipkH pe3ysIbTaTiB
HAIMCaHHs 37100yBayl 3 BUKJIaJaueM aHali3yIoTh 11 pe3yabTaTH.

3aKII0OYHUM €TaroM OUIBIIOCTI MPAKTHYHUX 3aHSTh € IMPOBI (POPMU HABUYAHHS,
HaIMpUKIAJ, «HAJaHHS HEBIAKIAJHOI JOMOMOTH TpH aHapiIaKTUYHOMY IIOII»,
«MPUKAOM XBOPOTO 3 MEHIHTOKOKOBOK 1H(Qekiiero Ha PAll», tomo. Lle cnpuse
dhopMyBaHHIO Yy 3700yBadiB OCBITH MPOdECIHHOTO MUCIEHHS IIiJ] Yac OBOJIOIIHHS
MaHIIMyJISAIIAHOIO TEXHIKOIO.

Y ¢dopmyBaHHI 1HTEpecy [0 HaBUYaHHsS MiJ Yac BHUBYEHHS OCBITHIX
KOMITOHEHTIB ITUKIy BEJUKY pOJIb BIJIIrPa€ MIKIPEIMETHA I1HTErpallis, OCKUIbKH
3HAHHS, SKI OTPUMaB 3100yBad BUBYAIOUHN MPEIMETH HAYKOBO-TIPUPOTHUIOTO ITHUKITY
CIIPHUSIOTH 3allIKaBJIICHOCT] IIPH BUBUCHHI KITHIYHUX TUCHUIUTIH. KOJEKTUB HUKIOBOT
KOMICii TICHO CHIBIpAIlO€ 3 KOJEKTUBAMH JIKYBaJIbHUX 3aKJIaJiB MiICTa, 5Kl €
HaBYAJIbHUMU 0azamu.

Benuky 3arikaBieHICTh Ta IHTEpeC y 3/100yBauiB BUKIUKAE 3HAWOMCTBO 3
MEJIMYHOIO JIOKYMEHTAIIIEI0 BIIJIEHB, ICTOPIIMH XBOpOOH, Oe3mocepeaHss podoTa y
BIIJIUVICHH], CIIIJIKYBaHHS 3 XBOPHUMH.

TakuM 4YHMHOM, MH BBaXXa€EMO, IO SKICTh Ta €(PEKTHBHICTh BHUKIIAJICHHS
OCBITHIX KOMIIOHEHTIB IIUKJTy BU3HAYAIOTHCS 32 TAKUMU KPUTEPISIMHU:

— BOJIOJIIHHS BUKJIaJa4eM MPEIMETOM BUKJIATaHHS;

- SKICTh BUKJIAJIaHHS MaTepiaiy;

- YMIHHS BHUKJIaJa4a BUKJIMKATHA IHTEPEC JO OCBITHHOTO KOMIIOHEHTY Ta
MPUIIETUTIOBATH HABUKH CAMOCTIHHOI pOOOTH;

— JOCTOBIPHICTDH OIIHIOBAHHS YCIIIITHOCTI 3100yBaviB OCBITH.
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