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SECTION: AGRICULTURAL SCIENCES

DOI 10.70286/ISU-22.10.2025.001

BIIJIUB BIMHU HA CTAH I'AJIY3I CBUHAPCTBA B
YKPAIHI

Maxkan3b00a Banepis

3100yBayvKa BUIIO1 OCBITH MariCTepChKOT0 PiBHS

dakynerery TBIIIITCH

HaykoBuii KepiBHUK:

KapareeBa Ousena

K.C.-T.H., JJOLICHTKa

Kadenpa 6iorexHosnorii Ta 0ioiHx)eHepil

MukonaiBCcbKuii HalllOHAJIBHUHN arapHui yHIBEPCUTET, Y KpaiHa

CilbChbKe TOCIOJApPCTBO IOCIJIAa€ TMPOBIJHE MiICIlE B €KOHOMIMl YKpaiHu, a
BaXXJIMBOIO CKJIAJIOBOIO 1€l cepu € TBapuHHHULTBO. Cepes Moro HampsiMiB 0cOOJIMBE
3HAUYECHHS Ma€ CBHHApPCTBO, sIK€ 3a0e3nedye CIOXKMBA4YIB SKICHUMH M SCHUMH
MPOAYKTAMHU, & XapyOBY MPOMHUCIIOBICTh — HEOOX1THOO CUPOBUHOIO. 3aB/ISIKU TaKUM
nepeBaram, SIK BHCOKa CKOPOCTHUTJICTh, TUIOJIOUICTh 1 YHIBEPCaIbHICTh MPOMYKIIII,
CBUHAPCTBO PO3IISAAETHCS SIK OAHA 3 HAWOUIbII MEPCHEKTUBHUX 1 MPUOYTKOBUX
rajiy3ei cy4acHoro arpapHoro BupoOHwmiTBa. [lompu Te, 1m0 MpoBigHI MO3MINT y
M’SICHOMY TBapHWHHHUIITBI 3aiiMa€ NTaxX1BHUIITBO, CBUHAPCTBO 3aJUIIAETHCS BAXKIIMBOIO
JAHKOK TMPOJOBOJIBYOI O€3MEeKHu Jep>KaBU. 3a CTATUCTUKOK OCTaHHIX POKIB,
BUPOOHMIITBO CBHUHUHU CTAHOBHUTH OJU3bKO TPETUHU BCHOro 00CATy M’sca, IIO0
BUTOTOBJIIETHCS B YKpaini [3, 8].

[Toromnis’st cBUHEW B YKpaiHi 3a OCTaHHI POKH 3a3HAJIO ICTOTHUX KOJMBAaHb i
BIUIMBOM BOEHHHUX MOAIN Ta EKOHOMIYHUX TPYAHOIIIB (Tab. 1).

Tabauug 1. Jlunamika norouis’st cBuHer B Ykpaini 2021-2025 poku (mmonepeHs OLiHKa)

Toxasmux 20211 5002 pic | 2023 pixc | 2024 pix | 2022 PI
piK (omiHka)

3argana KUTBKICTh CBUHEH, MJTH 6.1 5.1 5.0 5.2 5.35-5.4
rOJIiB
3MiHa 0 MONEePeaAHBOTO POKY, %o - -15.,0 -2.0 +1,5 +3,0...+4,0
Horomr'st y 4.9 48 485 4,9 ~5,0
CLIBrOCIIIAMIPHEMCTBAX, MITH
[ToroumiB’s B rocrogapcTeax 1.2 0.3 0.15 0.3 0,35-0.4
HaCeJICHHS, MJTH
Yacrka CBHHHHI Y CTPYKTYpi 13 31 3 33 3435
BUPOOHUIITBA M sica, %
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Hle y 2021 poui B KpaiHi yTpuMmyBajnocs MOHaA 6 MIIH TONIB CBUHEH y BCIX
Kareropisix rocrnoaapcTB. OaHak yxe B 2022-My criocTepirajiocs: pi3ke CKOpOYeHHS —
rajiy3eBl ekcrneptd omiHwiM BTpath y 10-12 %, mo BIANOBIAAJIO 3MEHILIEHHIO
YUCENBbHOCTI 10 Tpubauzno 5,0-5,2 muH rtomiB. Jlo Takoro cmamgy MpU3BEIH
HacaMIiepe]] BOEHHI Jiii, OKyMalis OKpeMHUX PErioHiB, 3aru0enb TBAPUH 1 BUMYIICHHM
3a0ii, a TaKOK MOPYIICHHS JIOTICTUKUA Ta CKOPOYCHHSI BUPOOHMIITBA B MPUBATHOMY
cektopi. OdiniitHi kK gaHi JlepKkoMcTaTy CBII4aTh MPO MEHIIE 3HKEHHS — OJIM3bKO
3 % (3 5,06 no 4,90 MiH roiiB y CUIBTOCHMIANPUEMCTBAX). P0301KHICTH MiX
OoQiIIHHOI CTATUCTUKOIO Ta EKCIIEPTHUMH OIIHKAMH ITOSCHIOETHCS HEIOBHOTONO
00JIIKy BTpaT y 30HaxX OOMOBHUX JiH 1 MPUBATHUX rocroaapcTax [1, 6].

VY 2023 porii cutyarris A€o cTabiaizyBaacs: MONpHu CKJIaIHI YMOBH, BUPOOHUKH
30eperyiii MaTo4yHE IMOroJiB’S, IO JO3BOJMJIO YHUKHYTH MOJAJbIIOrO OOBaly
yrcenbHOCTl. [linTpuMyBaibHUM (PAKTOPOM CTadd BUCOKI I[IHM HA CBUHHUHY, SKi
CTUMYJIIOBAIM TIPOJOBXKEHHS BHpOOHUIITBA. 3a gaHuMU USDA, KITBKICTh CBHUHEH
3anumanacs npubiau3Ho Ha piBHl 2022 poky, a B OKPEMHUX pErioHaxX HaBiTh
CIIOCTepIiranocs MmocTynose BigHoBIeHH. CTaHoM Ha cepenuny 2024 poky B YkpaiHi
yTpUMYBaJIOCs OJM3bKO 5,2 MIIH CBUHEH, 110 Ha 1,5 % Oinblie, HIXK pOKOM paHillIe.
[Tonmpu Te, mo uel moka3HuK me Ha 3—4 % HIWKYMI BiJ JOBOEHHOTO PiBHS, BIH
CBITYUTH MPO TOCTYIOBE BIAPOIKEHHS CBUHAPCTBA B O€3MEUHUX 00JIACTIAX Ta
ajanTalliio rajxy3i 40 HOBUX YMOB [2].

Sxio roBoputu mipo 2025 pik micis ABOX POKIB CHATy CIIOCTEPIraeThCs MOMITHE
3pOCTaHHs MOrojiB’s — npuon3Ho Ha 3—4 %. OCHOBHE BIJHOBIICHHS BIJOYBA€THCS y
IEHTpAJIbHUX 1 3axigHuxX perioHax (Binaumpka, XMenbHHIIbKA, JIbBIBCBHKA,
ITonTaBchbka oOmacti). Benuki arpomiinpueMcTBa HapOIIYIOTh BHUPOOHHUIITBO,
KOMIICHCYIOUM BTpaTH NMPUBATHOTO ceKTopa. YacTka MPOMHCIOBUX TOCIMOAAPCTB Y
3arajgpHOMY Morofi’i nepesurye 90 % (puc. 1).

6.0}

5.8

1 CBUHEN, MJH roniB

54r

Moronis’

5.0r

2021.0 2021.5 2022.0 2022.5 2023.0 20235 2024.0 2024.5 2025.0
Pik

Puc. 1. /Ilunamika moro:iBs cBuHe# B Ykpaini (2021-2025pp.)
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Bucoxki Bpoxai 3epHOBUX 1 crabimizaiis jgorictuku y 2024-2025 pp. cuopusiiu
3HIDKEHHIO COOIBapTOCTI BIATOJIBII Ta MiABUIIECHHIO peHTabenbHOCTI. Yepes
OOMEKEHUW IMIIOPT 1 CTAOUIBHUM MONUT BHYTPILIHI I[IHM HA CBUHUHY 3aJIMIIAIOTHCS
BUCOKHMH, CTUMYJIOIOYM BHPOOHHKIB HapomryBatu craga. OCHOBHI OCEpEIKH
ceuHapcTtBa y 2025 p. — Binnunbka, Kuiscbka, Uepkacoka, [lontaBchka Ta JIbBIBChKa
o0macTi, siki 3a6e3nedyroTh monan 60 % 3arampHoro BUupoOHUITBA [4, 7].

Takum uwmHoM, 2025 pik cTaB NEPEIOMHUM MEPIOAOM ISl YKPAiHCHKOTO
CBHHAPCTBA — Tajly3b yNEBHEHO JEMOHCTPYE O3HAKH BiTHOBJICHHS MICJIS BOEHHOTO
cunany. [loromis’s cBuHeW 3pociao 10 5,35-5,4 MIH TOJIB, IO BCE Ie HUXKYE 3a
noBOoeHHUM piBeHb (Ha ~10 %), ame CBIAUUTH MPO MOCTYMOBY CTAOLII3AIII0 Ta
BIJIPOJIPKEHHS BUPOOHUIITBA y O€3MEeUHUX perioHax [5, 7].

Haitbinpmmx BTpaT y CBUHAPCHKIN raidy3l YKpaiHu 3a3HaAJIM MIBHIYHI Ta CX1IHI
001acTi, M0 OMUHUWIIUCS M MPSMUM BIUIMBOM OOMOBHX il y MepIi MICALI BIHHH.
3HavyHa KUIBKICTh CBHMHOTOCHOAAPCTB Yy XapKiBChKiM, JloHenpkiil, Jlyrancekiii i
XepcoHChbKiM 00yacTsiX Oyjia MOBHICTIO 3HHUINEHA a00 3aJMIIMIACS HAa TUMYaCOBO
OKymoBaHUX TepuTopisx. [lomnpu 11e, OCHOBHI OTY>KHOCTI MPOMHUCIOBOTO CBUHAPCTBA
TPaAMIIHO 30CEpe/’KeHI B UEHTPalbHIM 1 3axigHId YacTUHAX YKpaiHu, e
BUPOOHUIITBO MPOJOBXKUIIO (DYHKI[IOHYBATH, X04a ¥ 3a3HANO MEBHUX TPYIHOIIIB. 3a
iHpopMmarmiero Acorianii «CBUHOBOAM YKpaiHW», KIOUYOBUMH PperioHATbHUMHU
HEeHTpaMH («KJIacTepammuy) 3anuiarThes: llenTpanpuuii perion — KuiBcbka,
Yepkacobka, [TontaBchka obmacti; 3axigHuii perioH — JIbBiBchbka, IBaHo-DpaHKiBCHKA,
TepHoninbcbka obnacti; CxigHUM perioH (4acTKoBO) — J{HIMpoONeTpoBChKa 001acTh.
Came Ha 111 00J1aCT1 TPHUIIAIA€ TIOHA/T TOJIOBHHY MPOMHUCIOBOTO OTOTIB’ s Kpainu. Tax,
BUOIpKOBE AOCIIKEHHS 59 HAaHOLIBIIUX MAMPUEMCTB y 19 061acTAX 3aCB1IUNIIO, 1110
BOHU yTpUMyBaymm Omm3bko 1,74 MaH cBuHEH, a6o mpubnm3Ho 56 % 3arambHOT
YHCEJBHOCTI MPOMUCIOBUX TBapWH Ha movaTky 2023 poky. Take cCHiBBIIHOIICHHS
MIATBEPIKY€E BUCOKY KOHIIEHTPALI0 BUPOOHHULITBA Yy LEHTPAIBbHO-3aX1THOMY MOsICI
Kpainu. Y 3axigHux perioHax, e y 2022 porii crioctepiraBcst 1eiluT CBUHUHU Yepe3
HaIUIMB BHYTPIIIHKO TMEPEMIIIEHUX OCi0, aKTUBHO 3/1MCHIOBAJIOCS IEPEBE3CHHS
TBapHUH JUIsI JOPOIIYBaHHS 13 HEHTpaTbHUX oOnactell. HaromicTh y mocTpakjanux Bij
BiIffHM paiioHaX OUIBIIICTh TOCIOJAPCTB 3HAYHO CKOPOTHIM a00 MOBHICTIO BTPATUIIU
noroiiB’s. Y MmiJICyMKy reorpadiuia CTpyKTypa raixy3i CyTTEBO 3MIHUIIACH: OCHOBHHIA
IEHTP CBUHAPCHKOTO BHPOOHMIITBA TIEPEMICTUBCA Yy Oe€3MeuHimn 3axigHi Ta
LEHTPaJIbHI PET10HHU, TO1 SIK YACTKA CXOY ¥ MIBAHS Y 3arajilbHOMY BUPOOHMIITBI P13KO
ckopotmiacs [9-12].

[ToBHOMacmTabHa BifiHA CHPUYMHHIIIA PI3KE CKOPOUEHHSI MOIMUTY Ha M’ SICHY
IPOIYKIIiI0, 30KpeMa Ha CBUHUHY. Uepe3 MacoBy MITpallilo HaceleHHs, eBaKyallilo 3
npu(pPOHTOBUX TEPUTOPIM 1 TMATIHHA PpPEATbHUX JOXOIIB YKpaiHIIB 0O0CSTH
CHOKUBaHHS CBUHMHM Yy 2022 poul ICTOTHO 3MEHIUIMIMCS. 32 OLIHKaMH TOPrOBHUX
Mepex, peaiiszallis CBUHHHHM ckopoTmiacs Ha 12-20 %. KimodoBumMu YMHHUKAMU
TaKoro crajy cranu: ekoHomiyna kpuza (BBII Ykpainu y 2022 porii 3HU3UBCA Maiixke
Ha 30 %); BTpaTra 4acCTWHM HACEJICHHsS 4Yepe3 BHUi3J 32 KOPJOH abdo0 MepeMillCHHS
BCEepeIUHI KpaiHu (MpUOJU3HO YBEPTh TPOMAJISH); MiABUILCHHS PO3JPIOHUX IIIH Ha
CBUHUHY MOPIBHSIHO 3 KypATHHOIO. X04Ya Ha MOYAaTKy BIHU I[IHK Ha M’sICO TAMYACOBO
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BIajgu, Bxke 10 cepeaunu 2023 poky BapTICTh >KUBOi Barkm CBHUHEH 3pocia [0
pEKOpIHUX 85 TPH/KT, 1O 3pOOUIIO0 IeH MPOAYKT MEHII JOCTYIHUM JijIsi OUTBIIOCTI
CHOKMBayiB. fIK HACIIJOK, YKpaiHIl JieJail yacTiie oOMpanu JELIEBIlY KypsATUHY,
sKa TOCTYIOBO BWTICHWJIA CBUHHMHY 3 DaIlioHy. Y pe3ynbTaTl 4yacTKa CBUHHHH Y
CTPYKTYp1 CO’KMBaHHS M’sica 3MeHiuiacs 3 nonan 30 % y 2021 pomi g0 npubiIn3Ho
25 % y 2023-my, Toal SK YacTKa MTAlIMHOTO M sica iCTOTHO 3pocia. Taka 3miHa
CIIO’KMBUYMX TIPIOPUTETIB CTBOPIOE CEPHO3HI TPYAHOIIl JJIi BUPOOHMKIB CBUHHMHH,
aJpKe HaBITh 3a crTaOum3auli BUPOOHMIITBA BHYTPIIIHIA PHUHOK 3aJIMIIAETHCS
O0OMEKEHHUM PIBHEM KYIIBEIHHOI CIIPOMOKHOCTI HaceneHHs [4, 10].

VYKpaiHa ICTOpUYHO HE HajeXajla 0 BEJIMKUX EKCIIOPTEepPIB CBUHUHHU, IO
3YMOBJICHO TOIMIMPEHHsIM adpurkaHchbkoi yymu cBuHEeW (AYC) Ta HEBHCOKOIO
KOHKYPEHTOCIPOMOKHICTIO BITUM3HSHOTO BUpOOHUIITBA. BogHOUac kpaiHa 4acTKOBO
3anekana Biff IMIOPTY, TOJOBHUM YMHOM — HEIOPOTMX CBHUHSYHMX BIApYOIB 13 KpaiH
€C. [ToyaTok BiiHU CEpHO3HO AeCTa0LIi3yBaB 30BHINIHIO TOPTiBI0 M’sicom. Y 2022
polli, KOJU BJIACHE BUPOOHMIITBO PI3KO CKOPOTHUJIOCS, IMIIOPT CBUHUHHU 3pic, abu
KOMITEHCYBaTH BHYTpimHIA Aedinut. [Ipore Bxke y 2023 pori cutyariiss 3MiHHIACS
KapJauHaibHO: 3a 1anuMu USDA, o0csaru BBe3eHHS 3HU3UIUCA TTpuoan3Ho Ha 70 %,
no 19 tuc. TOHH — e HAHIKYUI MOKAa3HUK 3a OCTaHHE I Atupiuys. [IpuuuHOIO
TaKoTo 00BaTy CTAJIO 3pOCTaHHS I1H Ha CBUHUHY B €Bporeiickkomy Coro3i, e 'y 2023
polll Yepe3 CKOPOYEHHsI BUPOOHMIITBA MPOIYKIIS MOJ0pOKYaIa, 1 JEMEBUNA IMIOPT
JUIs1 YKpaiHu cTaB €eKOHOMIYHO HeBUT1THUM. L5 cuTyartis ctBopuiia HOB1 MOMKJIMBOCTI
JUISl YKPATHChbKUX BUPOOHUKIB: 3MEHILIEHHS IMIOPTY BIIKPUJIO HIIEBUN MPOCTIp Ha
BHYTPIIIHHOMY PUHKY, 110 TO3BOJIMIIO TOCIIOIAPCTBAM 30LIBIITUTH 00CITH TPOJAXKY Ta
YaCTKOBO BIJIHOBUTH MNPUOYTKOBICTh. BojHOYac ekcrnmopT CBUHMHUA 3 YKpaiHH
3aJUIIAE€THCS MPAKTUYHO BIJCYTHIM, OCKUIBKM KpaiHa Ma€ cTaTyc HeOJIaromoiydHoi
o010 AUC, a BHyTpIIIHIM MONUT MEPEBUIIY€E MTPOTO3HUIIII0. BUBE3eHHS )KUBUX TBAPUH
TaKkoXX OOMEXKEHE — MEPEBAKHO 3IMCHIOIOTHCS MOOJUWHOKI MOCTABKU IJIEMIHHHUX
cBuHel 13 €C 11 MONINIIeHHs TeHeTHYHOoro noTeH iany. Tox, y 2023-2024 pokax
TOProBeIbHUM OanaHc YKpaiHU y CEKTOP1 CBUHUHU MMOKPALIUBCS: IMIIOPT CKOPOTUBCH,
eKCIOPT 3AIUIIMBCS CTA0UIbHO HU3BKUM, a II€ CHPUSIIO 3MIIHEHHIO BHYTPIIIHHOTO
PUHKY Ta HiATPUMII BUCOKHUX I[IH VISl HAlllOHAJIbHUX BUPOOHUKIB [7, 9, 12].

BucnoBku: ¥V 2022-2024 pokax mojiTUYHa Ta €KOHOMIYHA CUTYyallisl B YKpaiHi
CTBOpUJIA HAJ3BUYANHO CKJIaJHI YMOBH JJIS PO3BUTKY CBHHapcTBa. BiiiHa mpu3Besna
JI0 OJAHOYACHOTO CKOpPOYEHHS MpOMO3MIlli (uepe3 3arubesib TBApUH, PYyWUHYBaHHS
BUPOOHMYUX TIOTYXKHOCTEH 1 BTpaTy TOCHOJAPCTB) Ta MaJiHHS TOIMUTY (BHACIHIIOK
3HIDKEHHSI JOXOJ/IB HAaCeJeHHS, BHUMYIIEHOI Mirpamii ¥ 3arajapbHOro 3HHXKEHHS
KyHiBeJIbHOI  CIIPOMOXKHOCTI). /I0JaTKOBUMH BUKIMKAMHU CTald TMOPYIICHHS
JIOTICTUYHUX IIJISAX1B, HECTa4a KOPMIB 1 TPYAHOII 3 peanizaiieto npoaykiii. [lompu
e, Taly3b MPOJIEMOHCTPYBaJla BUCOKUM PIBEHb AJIANTHUBHOCTI: 3aBJSKU AISTIbHOCTI
BEITUKUX TPOMHCIOBUX MIANMPUEMCTB, THYYKOCTI y TEPEPO3MOILTIi pecypciB Ta
cTabui3anii BHyTPIIIHBOIO PUHKY BJAJIOCS YHUKHYTH IMOBHOT'O Kpaxy BUPOOHHUIITBA.
Vxe Hampukinii 2023 poky cmocTepiramucss mepuri O3HaKd BITHOBICHHS —
cTabumizalis IiH, TOCTYIOBE 3POCTAHHS MOTOMIB’S Ta BIJHOBJIEHHS BUPOOHUIITBA Y
Oesneynux perioHax. lloganbina pgepskaBHa MIATPUMKA arpapHoro CeKTopy,
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3MIIIHEHHS MAaKpPOCKOHOMIYHOI CHTYyallli Ta, Hacammepel, 3aBepUICHHS BiiiHU
BHU3HAYaTUMYTh MOKJIMBOCTI JUIsl IOBHOTO B1JIHOBJIEHHSI CBUHAPCTBA 10 JOBOEHHOTO
PIBHS, HOro MOZAEpHI3alli Ta CTAJIOr0 PO3BUTKY B HACTYIIHI POKH.
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ByniBHUIITBO mMiA3eMHUX pe3epByapiB — CKIAIHUNA 1HXKEHEPHUH MPOIIeC, IO
BHMarae CTBOPEHHS CyXHMX YMOB y KOTJIOBaHi JJisi 3a0€3MeUeHHs SIKOCTI 3BEJICHHS Ta
JOBTOBIYHOCTI KOHCTPYKI[i. OMAHIEI0 3 KIIOYOBUX TEXHOJOTIYHUX Olepaii €
BOJOTIOHMKEHHS — 3HM>KEHHSI PIBHS IPYHTOBUX BOJ Y 30H1 OYyIBHULITBA. Y Cy4acHUX
yMOBaxX TpaAMIliiHI METONW BOJOIOHMXEHHS JOMOBHIOIOTHCS 1HHOBAIIMHIMH
pIIIIEHHSIMU, SK1 MIJABUINYIOTh €()EKTUBHICTh, €KOJOT1UYHY O€3IeKy Ta €KOHOMIUHY
JOLIIBHICTh OyA1BEIBHUX POOIT.

Iin3emHi pesepByapH — Lie BaXIIUBI IH)KCHEPHI CIIOPY/IH, SIKi BAKOPHCTOBYFOTHCS
i 30epiraHHs BOJM, TANMBa, XiMIYHUX PEYOBUH, CTIUHMX BOJ TOIIO. IX 3BejleHHS
4acToO BiIOYyBA€THCS HUXKYE PIBHS TPYHTOBUX BOJI, IO YCKIIAAHIOE BUKOHAHHS POOIT
yepe3 MOCTiiiHe HAAXOMKEHHS BOAMU Y KOTJoBaH. J[Jis CTBOpEHHSI HEOOXITHUX YMOB
OyIIBHUIITBA 3aCTOCOBYIOTh CUCTEMH BOJIOTIOHMKEHHS, METa SIKUX — TUMYacoBe abo
MOCTIMHE 3HUKEHHS PIBHS IPYHTOBUX BOJ y 30H1 OyaiBHUIITBA. TpaauiliiiHi METOIH,
Takl SK BIAKPUTE BOJIOBIABEACHHS a00 cHUCTeMa Iro(UIbTPIB, 3aJIUIIAIOTHC
aKTyalbHUMH, aje y 0araTbOX BHUIAJKaX BOHU HE 3a0€3MeUyiTh JOCTaTHBHOI
e(eKTUBHOCTI, OCOOJMBO B JPiOHO3EPHUCTUX IPYHTaX (CyIicKax, TJMHAx) abo mpu
BHCOKOMY Haropi Boju. ToMy CbOTO/IHI aKTUBHO PO3POOIISIFOTHCS Ta BIPOBAKYIOTHCS
IHHOBAIlIiHI METOAM BOJOMOHWKEHHS, 10 BPAaXOBYIOTh CYy4YacHI BHUMOTH [0
eHeproe()eKTUBHOCTI, €KOJIOT1l Ta TOYHOCTI IH)KEHEPHOr0 KOHTPOJIIO.

1. BakyyMHe BOJIOITIOHUKEHHS

OnnuM 13 Halle(heKTUBHIIIUX METOAIB y ApiOHO3EPHUCTUX IPYHTAX € BaKyyMHE
BoZoTIOHMKeHHA. Lleli MeTon TpYyHTYeThCS Ha CTBOPEHHI PI3HMIN THCKIB MIiX
aTMOC(EpPHHUM Ta MOHM)XEHUM THCKOM Yy CHCTEMI JIPEHAXKHUX TPYO a0o iroduIbTpiB.
Bakyym cnpusie iHTEHCHBHOMY PyXy BOIM 3 TPYHTY J0 APCHAXHUX EIEMEHTIB, IO
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JI03BOJISIE 3HU3UTH PIBEHD BOJW HA 5—8 M HaBITh y TIIMHUCTUX IPYHTAX, /1€ TPAAUIIIIHI
METOJI1 Hee(PEKTHBHI.
CydJacHi yCTaHOBKHM BaKyyMHOTO BOJIOTIOHMDKCHHSI OCHAIICHI aBTOMATHYHHMHU

CUCTEMAaMHU KOHTPOJIKO TUCKY, HACOCAMH 3 YACTOTHHUM PETYJIIOBAHHAM Ta JATYMKAMH
BOJIOTOCTI, 10 JO3BOJISIE ONTHMI3yBaTH EHEPrOCIOXUBAHHS Ta YHUKHYTH
IIEPEOCYLIEHHS IPYHTY, K€ MOXE IPU3BECTU JO MOT0 MPOCAIKH.

\ e ,

s

=

Pucynok 1 - KOHCTpH irmoineTpiB

2. EnekTpoocMOTHYHE BOJAOTIOHMKECHHS

EnextpoocMoc — 1€ Gpi3MKO-XIMIYHUNA METO/1, 3aCHOBAaHUI HA PyCl BOAM B IPYHTI
MiJ JI€0 MOCTIHHOTO EJNEKTPUYHOTO TOJIA. Y TPYHT BCTAHOBIIOIOTHCS aHOAM Ta
KaTO/AM, MK SIKUMU TOJA€ThCs Hampyra. Boma pyxaerbest Bif aHoma 0 KaToaa, A€
BiJIKauyeThCcsl Hacocamu. Lleit MmeTon ocobmmBO eheKTUBHUN Y TIIMHUCTUX TPYHTaX 3
HU3BKOIO (DUIBTPAIIITHOIO 3AaTHICTIO, JIE€ 1HII METOM MPAKTUYHO HE TPAIIOIOTh.

Xoua eNeKTpOOCMOC BHMAara€ 3HAYHUX EHEProBUTpaT, CydacHI pO3pOOKH
JO3BOJISIIOTh 3HM3UTH CIOKMBAHHS E€JEKTPOCHEPrii 3a pPaxyHOK BHUKOPHCTAHHS
IMITYJILCHOT'O >KUBJICHHSI, COHSTYHUX MMaHesell Ta cucteM pekynepaiii eHeprii. Kpim
TOr0, METOJ HE BHMAara€ I1HTEHCHBHOTO BIIKa4yBaHHS BOJH, IO POOUTH HOTO
€KOJIOTTYHO O€3MEeYHUM Yy MICBKHX YMOBaXx.

3. 'eocunTeTHYHI ApEHAXKHI CUCTEMH

CyuacHi T€OCHHTETUYHI Marepiaiid (TeoJpeHaKHI MaTH, TE€OKOMIIO3UTH)
JIO3BOJISIIOTh ~ CTBOPIOBATH  €(DEKTUBHI JPEHAXXHI [IApH HABKOJO MIA3€MHHX
pe3epByapiB. BoHn 3a0e3nedyroTh MBUAKUN BIABIA BOJIW BiJ CTIH 1 AHA CIIOPY.IH,
3MEHIIIYIOUH T1IPOCTaTUYHUN TUCK 13anmooiraroun nedopmariisiMm. Taki cucTeMu 4acTo
IHTErpyIOThCSI 3 TPAAUIIHHAMHU  METOJIaMHd  BOJIOMIOHIKCHHS,  yTBOPIOIOYH
KOMITJIEKCHUM 3aXHCT.

IlepeBarm TE€OCHHTETHKH: JIETKICTh MOHTaXy, JOBTOBIYHICTH, CTIHKICTH JI0
XIMIYHOT'O BIUIUBY, MOKJIMBICTh BUKOPUCTAHHS B CTICHEHUX YMOBax. Kpim Toro, BoHH
JIO3BOJISIIOTh CKOPOTUTU OOCATM 3eMJISHUX pPOOIT 1 3HU3UTU 3arajbHy BapTICTh
IPOEKTY.

4. IHHOBaLIIHI MAXOAH O MOHITOPUHTY Ta YIPaBIIHHS

Cy4acHi TeXHOJIOT11 BOJIONOHMKEHHSI HEMOXKIIMB1 0€3 TOUHOTro MOHITOpuHTy. Ha
ChOTOH1 IIMPOKO BUKOPUCTOBYIOTHCS:

e JlaTuuku piBHS IPYHTOBUX BOJ 3 0€31POTOBOIO MEpelaucto TaHUX;

e Cucremu IoT (Internet of Things) misi peanbHOro KOHTPOIIO MapaMeETPiB
BOJIOTIOHMKEHHS;
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e BIM — mojentoBaHHS Jisi MPOTHO3YBaHHS IMOBEIIHKM TIPYHTOBHX BOJ Ta
onTHUMI3allii pO3MIIIEHHS IPEHAKHUX EIEMEHTIB;

e [ludpoBi ABIMHUKKA KOTJOBaHIB, Kl JO3BOJISIOTH IMITYBaTH PIi3HI ClIeHApii
BOJIONIOHUKEHHS TIEpe]l MOYaTKOM POOiT.

Hamnpuknan, y mpoexTi Oy1iBHUIITBA M1J3€MHOT0 PE3€pByapy JUIsl MUTHOI BOJIU Y
Kuesi (2023 p.) Oyjno BHUKOPHUCTAaHO KOMOIHOBAHY CHCTEMY BaKyyMHOTI'O
BojonoHmxeHHs 3 loT-cencopamu. lle 103BOJIMIO 3HU3UTH €HEPrOCIIOKUBAHHS Ha
22% Ta YHUKHYTHU aBapiiHUX CUTYaIllil yepe3 HeOUiKyBaHe IMiIBUILIEHHS PIBHS BOJIH.

Kpim Toro, iHHOBaIiifHI METOAN AO3BOJSIOTH CKOPOTHUTH TEPMiHM OYyiBHUIITBA
Ha 15-30%, 1110 Ma€ iCTOTHE €KOHOMIYHE 3HAYCHHS, 0COOJIMBO IIPH peaTi3allii BEJIMKUX
1H(PACTPYKTYPHUX MPOEKTIB.

Cnncox BUKOPHUCTAHMX JIZKepeJI
1. JbH B.2.1-10-2018 "OcnoBu 1 ¢yHmamenta OymiBens Ta cnopyd. OCHOBHI
nosioskeHHs1" NoJIBH B.2.1-10-2018. ITopran €auHoi 1ep:kaBHOI €JIEKTPOHHOI CUCTEMU Y
cdepi oyaiBauirrBa. URL: https://e-construction.gov.ua/laws_detail/3074244333172426323
(mara 3BepuenHs: 19.10.2025).
2. JBbH B.2.6-160:2010 "Crane3anizo0eToHHI KOHCTpYKIii. OCHOBHI MOJOXKEHHS"
NeJIBH B.2.6-160:2010. IToptan €auHoi nepxkaBHOI eNeKTPOHHOI cucTteMu y cdepi
Oy1IBHUIITBA. URL: https://e-
construction.gov.ua/laws_detail/3082849447529416553?doc_type=2 (nara
3BepHeHHs: 19.10.2025).

OCOBJIMBOCTI 3BEJAEHHA INIIBEMHUX CITOPY Y
CKIAJHUX THZ KEHEPHO-I'EOJIOT'TYHUX YMOBAX

Meabsauvenko Ilosina LniiBna

3100yBayKa BUIIOT OCBITH 0aKaJIaBPChKOTO PiBHS

ORCID: 0009-0007-5972-7430

Jankesuu Harania OuekcanapisHa

KaH/IUJIAT TEXHIYHUX HAYK, JOLECHT

ORCID: 0000-0002-7146-9303

IHactyxoBa Cycanna BanepiiBHa

CTapIlUi BUKJIaaa4

Kadeapa npomucinoBoro ta {uBUILHOTO Oy 1IBHUIITBA,
[mxenepHmii HaB4YaNTbHO-HAYKOBUH 1HCTUTYT iM. FO.M. [ToTe6H1
3anopi3bKOro HAllIOHATBHOTO YHIBEPCUTETY, M. 3aIOPIKKS
ORCID: 0000-0002-9324-3065

CydacHe Micbke OyAIBHHIITBO aKTUBHO OCBOIO€ IMIJ3€MHUN MPOCTIp — BIJ
MApKIHTIB 1 TOPTOBUX IEHTPIB IO TPAHCIIOPTHUX TYHEIIB 1 THKEHEPHUX KOMYHIKAIIi.
Opnak 3BefeHHS NIJ3EMHHUX CIOPYJ 4YacTo BiIOyBaeTbCs B YMOBax CKJIAJHOI
1HKEHEPHO-T€OJOTIYHOT OOCTAaHOBKU: BUCOKHH PIBEHb IPYHTOBUX BOJI, HECTAOUIbHI
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I'PYHTH, KapCT, CEiiCMiUHa aKTUBHICTb, UIUIbHA 3a0y10Ba. Y TaKUX YMOBAX TPAIHIIIiHI
MeTOoau OYIIBHUIITBA BHUSIBJISIOTHCA HEAOCTATHIMHU, IO 3yMOBJIIOE HEOOXIJIHICTH
3aCTOCYBaHHS IHHOBALIIMHUX TE€XHOJIOTIH, K1 MiABUILYIOTh O€3MeKy, e(PEeKTUBHICTH 1
€KOJIOTIYHY CTIMKICTh OyAiBeabHuX mpoiieciB. CbOTOJIHI 1€ HE JIMIIE HOBl MaTepiai,
a U mudpoBl miarpopmMu, pPOOOTHU30BaHI CHUCTEMHU Ta IHTEIEKTyalbHI METOIU
KOHTPOJIIO.

J1o cKJIaIHUX YMOB HaJIeKaTh:

e Bucokuil piBeHb IPyHTOBUX BOJ, 1110 CTBOPIOE T'APOCTATUYHUNA TUCK 1 PU3UK
3aTOIUICHHS.

e HecrabinpHi rpyHTH (TOp(d, MYyJIH, TUITYBATI TJIMHHU), SIK1 MAlOTh HU3bKY HECYTY
3IaTHICTb.

e [IpocankoBi rpyHTH, IO AHOPMYIOTHCS TIPU 3aMOYyBaHHI.

e KapcToBi MOpOKHUHU Ta MiA3€MHI BOJOTOKH.

e CelicMiYHa aKTUBHICTbD.

e [I{inbHa icHyrOUa 3a0y0Ba, siIka OOMEXKY€E MOXKIMBOCTI BEACHHS POOIT.

VY Takux ymMoBaxX MpPOEKTyBaHHS Ta OyAiBHUIITBO BHMAararOTh IHTETPOBAHOTO
MIJIXOAY, IO MOEJHYE TEOJIOTIYHI JIOCTIKEHHS, TIepeoBl TEXHOJOrii Ta HudpoBl
IHCTPYMEHTH, HAIPHUKIIA]] TAKUX SIK:

1. Hudpose moaentoBanusa BIM-rexHomnorii. CyyacHe NpOeKTYBaHHS 11136 MHUX
cnopya HemoxuBe 6e3 BIM. L{udposi mozeni 403BONISIOTS:

e [MiTyBaTu MOBEAIHKY I'PYHTIB I1]] HABAHTAKECHHSIM;

e AHaJI3yBaTH B3a€EMOJIIO CIIOPYIH 3 OTOUYIOUHM CEPEIOBUIIIEM;

e OnTuUMI3yBaTU KOHCTPYKTHBHI PIIICHHS 1€ Ha €TaIll MPOEKTY;

e KoopaunyBatu poOOTYy PpI3HUX CHELIaNiCTiB (T€0J0riB, KOHCTPYKTOPIB,
MOHTaXHUKIB).

Kpim Toro, mudpoBi ABIMHUKK OO0 ’€KTIB JO3BOJISIOTH BECTH MOHITOPUHT Yy
pearbHOMY Yaci MPOTSITOM YChOT'O KUTTEBOTO LIUKITY CIIOPYIH.

Y Cinranypi npu OYyIIBHHIITBI MiA3eMHOTO Michkoro 1eHTpy Deep Tunnel
Sewerage  System  BuxopuctoByBanin  BIM-monentoBanHsi,  poOOTH30BaHi
TYyHEJNETPOXi/IHI MAIlIMHUA T4 CUCTEMH PEATBHOTO0 MOHITOPHUHTY nedopMartii

2. Po6oTH30BaHI Ta aBTOMATU30BaH1 CUCTEMH.

e ABTOHOMHI OypoBi poboTH: cydacHi OypoBi ycraHoBku 3 GPS-HaBiramiero ta
JTATYMKaMU KOHTPOJIO TIIMOMHHM Ta HAXWJIY JO03BOJISIOTH BUKOHYBAaTH TOYHI Majl Ta
CTIHU B I'PYHTI 3 MiHIMaJIbHUM BTPYYaHHSM JIFOJIUHU.

e besnunorHi mitaneHi anapatu (BIIJIA) BUKOpUCTOBYIOTHCA JJ1s1 OIEPATUBHOTO
00CTEKEeHHS KOTIIOBaHIB, 0OCOOJIMBO B TPYAHOIOCTYIMHUX a00 HEOE3MEUHNUX 30HaX.

e Po0OTH30BaHI CHCTEMH 3aMOpPOKYBaHHs JO3BOJSIOTH TOYHO KOHTPOJIOBATH
TEMIIEpATypHUA  PEXHUM  TIPYHTY, 3aM00iraroud  IMepe3aMOpoKyBaHHIO  abo
HEPIBHOMIPHOMY OXOJIOJXKEHHIO.

3. IHHOBaIII}iH] MaTepiaIu.

e CaMOBITHOBIIIOBAJIBLHUN OETOH: MICTUTHh MIKPOKANCYJIW 3 TOJiMepaMu abo
OaKTepisiMH, 110 aKTUBYIOTHCS TPH TOSB1 TPIMIMH 1 «3arorI0Th» iX, II0 0COOJMBO
BAYKJIMBO JJI1 TEPMETUYHOCT] MIA3EMHUX PE3EPBYapIB.
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e [‘eocuHTEeTHYHI Martepiaiu (reopeliTKH, TeOMEMOPAHU) BUKOPUCTOBYIOTHCS
JUIsL apMyBaHHsI ITPYHTIB 1 BOJOHENPOHUKHOTO €KpaHyBaHHS.

e HanomomudikoBaHi [EMEHTHI PO3YMHH —  MIABUILYIOTh  MIIHICTD,
MOPO30CTIUKICTh 1 BOJOHENPOHUKHICTh KOHCTPYKILIi.

Y HiMeuunHi Tpu PEKOHCTPYKINT MIA3€MHHX TapaxiB y IeHTpli MroHxeHa
3aCTOCYBaJIM CaMO3aJIaro/I>)KyBajibHUN O€TOH 1 TEOCUHTETUYHI €KpaH! [Tl 3aXUCTY B
IpyHTOBUX BoJA (puc. 1).

TPILLLMHW B BETOHI PO3reEPMETM3ALLIA YTBOPEHHA BAMHAKY CAMOBI[JHOB/EHHA
Poatpickysanus MNowKopKeHHA NPHUIBOANTE Mpw kouTakTi 3 BOZOW YTEOpeHWA BaNHAK 3ATANYE
£ NOWWPEHHM RBNLLLEM A0 cepiozHnx npofnem BaKTEPIT POSMHOMKYIOTLCR TRiWWHK Ta 3anobirac
v BETOHHMX KOKCTPYRL{AX repMeTUIALIED Ta KOPO3ien | MOUMHAKOTE YTEOPIDEATH MPOTIKAHHIO, L0 33XMILLL0E
apMmatypu BanHaK. apMaTypy.

Pucynok 1 — Jlisi caMOBiTHOBITFOBATBHOTO OETOHY

4. Cy4acHi mii3eMH1 CIOPYAH OCHAITYIOTHCS CEHCOPHUMH MEPEKaAMHU.

JlaTuuky HanpyXeHsb, Aedopmaliiii, BOJIOrOCTl, TEMIIEpaTypH MEepeaatoTh AaHl y
peasibHOMY 4Yaci Ha IeHTpaibHHU cepBep. LlITyunuit iHTenexkT aHamizye Il JaHi,
MPOTHO3Y€E MOXJIMB1 PU3MKU (HAMPUKIIAJ, TTOYATOK OCiaHHS ab00 3pOCTaHHS THUCKY
BOJAM) 1 TOJAE€ CUTHAJI NPO HEOOXITHICTh BTpy4aHHsS. Taki CHCTeMH TO3BOJISIOTH
peanizyBaTy KOHIIEMIIII0 TPOrHO3HOT0 00CTYyTrOBYBaHHS.

5. Exosoriyni Ta eHeproeeKTUBHI N1AX011

e 3aMKHYTI CHCTEMH BOJIOTIOHIIKEHHS: 3aMICTh CKUJAHHS BiJIKAYaHOI BOJU Yy
KaHaIi3aIlito, ii OYUIIA0Th 1 TOBTOPHO BUKOPUCTOBYIOTH JJIs OyIiBEIbHUX MOTPEO.

e TemjaoBl HACOCH «IPYHT — BOJa»: MIA3€MHI CHOPYAM MOXYTh OJHOYACHO
BUKOHYBaTH (YHKIIIIO HKepesia eHeprii A1 onmajieHHs a00 0XOJI0KEHHS HAI3EMHUX
OyniBeb.

e Meroan «M’SIKOro» OYAIBHULITBA: BUKOPHCTAHHS BIOpaLliiHO-O€3MEYHUX
TEXHOJIOT1H (HampUKJIaa, T1IPaBIIYHOTO pi3aHHS OETOHY) JJIs MiHIMI3aIlil BIUIMBY Ha
ICTOpUYHY 3a0y/10BY.

Sk BUCHOBOK MOHA BHWHECTH, IO 3BEACHHS MIJ36MHHUX CIOPYI Y CKJIATHUX
1H)KEHEPHO-TCOJIOTTYHUX yMOBax ChOTOJHI — 1€ HE TMPOCTO OYyMIBHUIITBO, a
BHCOKOTEXHOJIOTTYHUI 1HXXEHEPHUIA MPOLEC, 10 0a3yeThCs HA IHTErpauli: HUpPOBUX
TEXHOJIOT1i (BIM, [oT, TYYHUN 1HTEJIEKT); HOBUX  MaTepialiB
(camo3anaroaxKyBajgbHUAM O€eToH, HaHOMOJU(PiKaTOPH); POOOTU30BaHUX
CHCTEM;EKOIOTTYHUX MIIXOIIB.
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CnHcoK BUKOPUCTAHMX JKepeJ

1. JBH B.1.2-6:2021 "OcHoBH1 BUMOT# 110 OyaiBeNb 1 criopya. MexaHiuHui omip
ta criiikicts" NoJ/[BH B.1.2-6:2021. [TopTtan €auHoi 1ep>kaBHOI €IEKTPOHHOI CUCTEMU
y chepi OyIIBHHUIITBA. URL: https://e-
construction.gov.ua/laws_detail/30747974735799275477?doc_type=2 (mara
3BepHeHHs: 19.10.2025).

2. JBbH B.2.1-10-2018 "OcHoBu 1 dynmameHTH OyniBenb Ta crnopya. OCHOBHI
nonoxkeHHsa" NeJIbH B.2.1-10-2018. [lopran €nuHOI nep:kaBHOI E€IEKTPOHHOI

CUCTEMHU y cdepi Oy/IIBHUIITBA. URL: https://e-
construction.gov.ua/laws_detail/3074244333172426323 (nata 3BEpPHEHHS:
19.10.2025).

OCOBJ/IMBOCTI 3BEJAEHHAA 35IPHUX
JAJIIBOBETOHHUX CUJIOCIB I CHUITYYI
MATEPIAJIN

Ilyasra Aprem BikTopoBuyu

3100yBay BHILIOT OCBITH OaKalIaBpChKOTO PIBHS

Jankesuu Harania OnexkcanapiBHa

K.T.H., IOUEHT

IIactyxoBa Cycanna BauepiiBHa

CT. BUKJIaJa4

Kadenpa npomucioBoro ta uBUIEHOTO Oy TIBHUIITBA
[mxenepHuit HaBYaTbHO-HAYKOBUM 1HCTUTYT M. FO.M. TloTeOH1
3anopi3bKuid HalllOHAJBLHUHN YHIBEPCUTET, Y KpaiHa

Jlns arpapHOi KpaiHu, 3BeJEHHS CHUJIOCIB (3a BCIMa HOPMaMH Ta BUMOTAMHM) IS
30epiraHHsl CUIYyYHX arpoKyJbTyp Ta IHIIMX MaTepiaiiB (I[eMEHT, BYTULIH, IMICOK
TOIIO) € JOCUTh aKTyaJbHUM Ta BaXJIUBUM SBHUIIEM 3arajioMm, OCKUIbKH BIJ
MPAaBIIIBHOCTI TPOEKTYBaHHS 1 3BEICHHA OyJe 3aiexarn CcTabUIbHICTh arpo-,
OyIBENIbHOI Ta MPOMKCIIOBOT rajy3eil, a TAKOX aCIEeKTH TOPTOBEIbLHUX BIIHOCHH SIK
BCEpEANHI KpaiHu, TakK 1 3a il MeXKaMH.

3ami300€TOHHI CHUJIOCH — 1€ CHOPYAW CHEIIadbHOTO TPU3HAYCHHS JUIS
30epiraHHs 3epHa M IHIIUX arapHUX KYyJbTYp, a TAKOK TaKUX CUITyYHX MaTepialiB, K
HEMEHT, BYTULIA, MICOK 1 T.7. Lli cnopynu ckoHCTpyHOBaH1 3 BAKOPUCTaHHSIM OETOHY
Ta apMaTypH, 1 SIKIIO MOPIBHIOBATH 1X 3 METaJIEBUMH pe3epByapaMu, TO 3a11300€TOHH1
CWJIOCH BIAPI3HAIOTHCSA JTOBLUIMM TEPMIHOM €KCIUTyaTalli, OCKUIbKM MarOTh TEPMIH
ciyx6u mo 100-120 poxki (Puc. 1) [1].
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3ani300€TOHHI CHJIOCH PO3PI3HSIOTH 32 KOHCTPYKTUBHUM BHKOHAHHSM, TOOTO 32
crioco0oM OYiBHMIITBA, 30KpeMa, BUIAUISIOTh CUJIOCH 13 MOHOJIITHOTO 3a1i300€TOHY
Ta 31 30ipHuX eneMeHTiB [1]. KopoTka xapakTepucTika X BUAIB CIIOPY/l HaBEJCHA B
Tabmumi 1.

Tabmumst 1. TlopiBHSHHS OCHOBHUX THIIB 3ai300€TOHHMX CHJIOCIB 3aJIe)KHO BiJ CIOCOOY

OyIiBHUIITBA

Tun cunocy XapaKkTepucTuKa [IepeBaru Henmoniku
Cnopynu OyIyroTh
CYLUIBHUMHU 32 JIOIOMOTOO
KOB3HOI omnanyOoku. Omamyoky
PO3MINIYIOTh 330BHI Ta . . TexHOoJIOT19HO,
. ° BinpizusatoTecs
3CepeaHA MOHOJIITHOTO N rporec 3BE/ICHHS
BHUCOKOIO HAIINHICTIO .
cuIioca, 11106 bopma . CUJIOCIB TaKOI0 THUILY —
. Ta OE3MEYHICTIO "
oOMexXyBalia MUpHUHY CTiHU. B } ) 1Ie IOCUTh CKJIaJHUN Ta
. BincyTtHicTh . o
MOJIaJIbIIOMY 6eToH KOIITKHIA TIPOIIeC
o J0JTATKOBUX
3QJIMBAIOTh B OMATYOKY IS o [Totpeba B
3 . o . TPaHCIIOPTHUX Ta .
. Oinbll MiHOI OyIOBU CTiHH 3a0e3neueHH1
MOHOJIITHOTO 3aBOJICBKHX 3aTpaT o .
. BUKOHYIOTh apMyBaHHs, a . MOCTIMHOT pobotu
3a11300€ TOHY ! . € MOXJIUBICTb
) KOJIM  MaTepial  3acTUrae, ) oOJajiHaHHS,
(Puc. 1; Puc. 6 L OyMiBHULITBA CHIIOCA B
2. 1) omasyOKy MiHIMAIOTh BUIIIE. N 5 1o | TIEPECYBAHHS onanyOoKku
’ SIKIo  MOHOITHHMH  CHJIOC TP, B .| Ta opranizamii
. 3anexarhb Bi . S
nepeBuirye 6 MeTpiB, TO 5 . 5 Al MaTepialbHO-TeXHIYHOT
. " BUPOOHUYOT asu .
Onx4e 110 BEpXiBKH HOro P 5 0a3u OyIBHHUIITBA
am TOH qu . .
apMYyIOTh 101aTKOBO AJISI TOIO, 3all300CTORY ° CrooBUIbHEHUNA
OCTaBKHU 1794
11.[06 CIiopyJia BUTpUMaAJIa SK EOMHOHGHTiB I IpoLeCc HapoLTyBaHH:A
THUCK  3€pHa, SKUW  Hae BUCOTH CUJIOCA
3CepeuHu cujoca, Tak 1
30BHIIIHI (PaKTOpH — BITpOBE i
CHITOBE HaBaHTAXECHHSI
Cnopyau, saxi 30upanua 3
PYA, SOUP . 3Ha4yHO o ITorpeba y
OKpEMUX 3aJ11300€ TOHHUX . :
) MIPUIIBUIIICHAN BUPOOHUIITBI, SIKE MaJIo
— €JIEMEHTIB. 3arangom . N
31 30ipHHUX . . . | TepMiH peamizanii | 6u 3MOTy
. pPO3pI3HAIOTH cUiIOcH 301pHi
€JIEMEHTIB . . . | IPOEKTY o | 3a0e3nevayBaTu
WIHIPUYHI YU MPSMOKYTHI, | .
(Puc. 1, A; . L BIJHOIIIEHHIO IO | 3BeJCHHA TaKoro
OJIHaK € OUIbILI PIAKICHI BUJH, . . )
b; B) .7 | OyIiBHUIITBA CHJIOCIB | CHJIOCA 30ipHUMHU
HATIPUKIIA], 30ipHi . .
. 3 MOHOJITHOTO | 327113006 TOHHUMU
BOCBMHUIpaHHI abo cujocu . .
3a11i300eTOHy KOHCTPYKILISIMU
KaHEJIOPHOTO TUITY
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. Butpatu
OyIiBHUIITBO

CIIOpYy/l 3HaYHO MEHIII
° € MOXIUBICTh
3BEJICHHS

opy poky, aie 3
ypaxyBaHHIM
JOTPUMAaHHS
BJIACTUBOCTEH OETOHY

OpU  HIDKYUX/BUILHAX

Ha
TaKuX

TaKoi
ciopyau B OyAb-sKy

° HasBHicTb
JIOAATKOBUX
TPAHCIIOPTHUX
3aBOJICHKUX BUTPAT
. UYepes
YTBOPEHHS  CTHKOBHX
LIBiB, Taki CHOPYAH
MEHIII TOBI'OBIYHI

° ByaiBaunTBo
XapaKTePU3YETHCS
3HAYHO

Ta

BUIIIOIO
BapTICTIO, HIXK
MOHOJIITHE 3BEJICHHSI

TeMIIepaTypax

14

.'#J_u_.;u.l.l

|l

bty

B)

Pucynoxk 2. Tunu cunoci: A) [Ipummbcerkuii cunmoc rpynu komnanid G. R. Agro (30ipHuii); b)
Cunoc xanemopHoro Tuity B Monnosi (36ipHuit); B) JKamkiseskuit cunoc komnanii Soufflet Group
(361pHmit); I') Cunocu mignpuemctBa TOB « KUIBMJIMH» (MoHOMITHNMIA)

Sxmo x knacudikyBaTH CHIOCH 3a (HOPMOIO B IJIaHI, TO TaKi CHOPYAM MOXKHA
MOJUINTA Ha KPYIii, KBaJpaTHI, MPSAMOKYTHI, IIECTUTPaHHI Ta OaraTorpaHHi, Je
dbopMy, po3Mipu i PO3MIIICHHS CUJIOCIB B IUIaHI NMPUUMAalOTh y BIAMOBIIHOCTI 3
BHMOTaMHU TE€XHOJIOT1i BUPOOHUIITBA, [PYHTOBUMH yMOBaMH, YHi(iKallii eJIeMeHTIB, a
TaKO0>X BUXOJISIYH 13 PE3yJIbTaTIB TEXHIKO-€KOHOMIYHUX MOPiBHsIHBL. OTHAK TIepeBary x
HAJAI0Th CUJIOCAM MEPEBAXKHO KPYTIIOTO i KBaIpaTHOTO mepepisiB [2].
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3arajgom, CTAaHOM Ha ChOTO/IHI, IEPEBAKAIOTH TEXHOJIOT1i, SIKi JIO3BOJISIOTH 3HAYHO
MPUIIBUAIINATYA OYyAIBHUIITBO CIIOPY/, @ TOMY, 3 OTJISIAY TEMU, BAPTO OUIBII I€TAIbHO
PO3TISIHYTH OCOOJUBOCTI 3BEACHHSA 30IpHUX 3a711300€TOHHHUX CHIJIOCIB, OCHOBHI
aCIeKTH AKuX HaBeaeHo y Tabmurr 2.

Tabmwmis 2. OcobauBOCTI 3BeAIeHHS 301pHUX 3a11300€ TOHHUX CHJIOCIB
Oco0InBICTE 3BEICHHS

30ipHHX 3113006 TOHHUX XapakTepucTuka
CHJIOCIB
o 3a ¢opmoro B IUIaHI cuiocH OyBalOTh KPYIJIUMH,
OaraTorpaHHUMHU, MECTUTPAHHUMH, IPIMOKYTHUMH, KBaIPATHUMHU
J HaiinpocrimmM 1 HalmomMpeHi M po3TalTyBaHHS KPYTIIUX
CHJIOCIB Y IJIaHI CUJIOCHOTO KOPITYCY € IIaXO0Bi 1 psIOBI
. Haii0inpmn onTuManbHUMM 3a BHTpaTaMH MaTepiaiiB Ta

BapTICTIO € IMTIHIPUYHI CUJIOCH JIIaMeTPOM 6 M. Y TeIKUX BHUITaIKaxX
3aCTOCOBYIOTh IWJIIHAPHYHI CHJIOCH 3 JllaMeTpaMu 12 M 1 OlbIme i3
MOTIEPEIHBO HAMpPY>KEHOI0 apMaTyporo. B cuiocax npsMOKyTHHX Ta
KBaJIpaTHUX Y IJIaH1 pO3MIpHU CTOPiH MPUIMaIOTh Yy Mexax 3-4 M

J 3acTocyBaHHS THITy CHJIOCY 3aJIeXHTh BiJ MaTepiainy,
NIPU3HAYEHOTr o /71 30epiranHs. Tak, Uil 3epHa MPOEKTYIOTh CHIIOCH
niameTpom 6 M, IyKpy-micky — 18-24 m, nementy — 12-18 m. Takox
Ha BUOIp KOHCTPYKTUBHOI CXE€MH CHJIOCY BIUIMBAIOTh TaKi aCIEKTH:
YMOBH MOHTaXy, THI (DyHIAaMEHTy Ta TEOJIOTiYHI OCOOIMBOCTI
perioHy OyMiBHHUIITBA, CEHCMIYHI Ta BITPOBI HABAHTAKEHHS TOIIIO

J 3aranom 30ipHi 3a7i300€TOHHI CHUJIOCH 3BOIATH 13 301pHHUX
3aMKHYTHX €J1€MEHTIB. 151 iX BUTOTOBJICHHS! BUKOPUCTOBYIOTh OETOH
ki1acy He Hwkue B25. Tak, Hanpuknaz, 30ipHI IpU3MaTU4HI CUIOCH
3BOJIAITH 13 30IpHUX TIaAKUX a00 PEOPUCTUX €JIEMEHTIB 3 TOBIIHMHOIO
crinok BixnosigHo 100 Ta 60 Mm. Knac 6eroHy 30ipHUX €lIE€MEHTIB
B25 ta Bummii. Bucora pedep pedpuctux enemenTiB — 150 Mmm

° CyuinbpHi 301pHI KUTbLA 11aMeTpoM 3 M IS MITIHIAPUIHUX
CHJIOCIB BHUTOTOBJISIIOTh 13 IOMNEPEIHBO HANpPYXKEHOI apMaTypH.
O6’eMH1  OIOKM-KUIbLS ~ 30IpHUX  CHUJIOCIB  MOXYTb  OyTH
BUTOTOBJICHMMHU 3  TONEpPEAHIM  HAIpPYXEHHSAM  apMaTypH.
Haityacrime amns 1poro 3acTocoByeThCs JpIT 13 cTaii kiacy B-IL.
HanpyxeHHsT yTBOPIOIOTH 3@ PpaxyHOK HaMOTYBaHHS JpOTY
HaBUBAIbHUMH MaIIiHAMHU

Bubip KoHCTpYKTHBHOI
cxemu cuiocy [3, c. 9-10]

Bubip matepianis Ta
eneMeHTiB [3, c. 10; 15]

J VYci 30ipHI eneMeHTH NPU3MATHYHUX Ta LWITIHIPUIHUX
CHJIOCIB M1 CO00I0 3’€THYIOTh OITMHKOBAHUMH O0ITaMHU
J IIpu 3BemeHHi cwuiociB 13 30ipHMX  3a1i300€TOHHHUX

KOHCTPYKIIIM MO 1X Ha OKpEeMl €JIEeMEHTH MOJIUBUU SK TIO
BEPTHKA, TaK 1 IO TOPU30HTATI. 3HaYHA BUCOTA YCKIIATHIOE TTOMILIT
KOHCTPYKIIIT TUTHKH 1O BEPTHUKAI, TaK SIK B IbOMY BUITJIKy JTOBKHUHA
KO>KHOT'O eJleMeHTa OyJie TOpiBHIOE TIOBHII BUCOTI CHIIOCY

. Y Tux BWMNAIKaX, KOJU BIAIITOBYETHCS BEPTUKATIHHHIA
PO3IOALNT CTIHOK CHIIOCY, HEOOX1THO 3a0€3MeUYnTH B BEPTUKAIBLHUX
CTHKaX IMepenady NOBHOTO 3yCHIIIS B TOPU30HTANIBHIN apMaTypi, 110
CTUKY€eThCsA. CTHKU MOBUHHI CIIPUMMATH 3THHAILHUN MOMEHT HE
MEHIIIOi BEJWYMHH, HIXK CYMDKHHM TEepeTWH eJIeMeHTa, Y BCiX
CHJIOCAX, BKJIFOUAIOYHU KPYIIl

MoHTax Ta 3BeieHH |3,
c. 16-17]
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. [Ipu BpamTyBaHHI 3BapHUX CTHUKIB 31  CTaJl€BUMH
3aKJIQJHUMU ~ YaCTMHAMH, CTHKM CJil 3a0eToHyBaTH, 1100
3a0e3neunTd 3axucT Big Koposii. [lpum npoexTyBaHHI 301pHHX
CHJIOCIB MOTPIOHO 3a MOMJIMBOCTI CKOpPOYYyBaTH KUIBKICTh
BEPTHKAJIbHUX CTHKIB €JIE€MEHTIB CTIHKH

J CTiHKM CHIJIOCIB PO3paxOBYIOTh HAa HABAaHTAXKEHHS Ta BIUIUBU:

— MIOCTIHHI — BiJ] Baru KOHCTPYKII1H;

— 3MiHHI TpUBaJli — BiJl MacH CHIy4uX Marepialis,
YaCTUHU FOPU30HTAIBHOIO TUCKY W TEpTd CUIyYMX MarepiaiiB o0
CTIHKM CHJIOCIB, Baru TEXHOJIOT1YHOTO OOJaTHAHHS, BiJl YCaIKu i
MOB3y4OCTI OETOHY, KpeHa I HEpIBHOMIPHOT'O OC1JIaHHS OIOp, Macu
CHITOBOI'O HaBaHTAXKECHHS;

— 3MiHHI ~ KOPOTKOYAacHI — TMpH  BUTOTOBJICHHI,
TPAaHCHOPTYBaHHI 1 MOHTaXy 301pHUX KOHCTPYKIiH, Bil mepemnagy
TEMIepaTypH, BiJl YaCTUHU TOPHU3OHTAIBHOTO THCKY CHITYYHX
MaTepiaiiB, BiJl THUCKY TMOBITpS MpH AaKTUBHIA BEHTWIALIT 1
roMOreHi3allii, Bij BiTpy;

- emi30ANYHI — BiJ CEWCMIYHUX Mifl 1 THCKY, IO
PO3BUBAETHCS M1 Yac BUOYXY
J Cutocu nipu 3aBaHTKEHHI TapsIYUM CHITYYHM MaTepiaioM i3
TeMIiepaTtypoto HarpiBy Oetony Bume 70°C po3paxoByHOTh i3
ypaxyBaHHSIM KOPOTKOYacHOi ¥ TpuBajoi Jii TeMrepaTypu 3a
MEPLIOKO Ta IPYrOI0 IPYIOI0 IPAHUYHUX CTAHIB
J CriHM  cuJIOCIB  PO3paxoBYHOTh 3a  TPIIMHOCTIMKICTIO
3aJIeKHO BiJl KaTeropii TPIIMHOCTIHKOCTI, BU3HAYAIOTh TPHUBAY 1
HETPUBAITY IUPUHY PO3KPUTTS TPIITHHU

Po3paxyHOK HaBaHTa)KEHb,
HaATIPYKCHb Ta
nedopmaliiHuX BIUTMBIB

[4]

3arasioM, BapTO 3a3HAYMUTH, IO 301pHI 3ali300€TOHHI CHJIOCH TIiJ CHUIIy4i
MaTepianm — 11e epeKTUBHE PIIICHHS TPY MTPaBUILHOMY Ta JCTAITBHOMY ITPOEKTYBaHHI,
MOHTaX1 Ta ekcrutyataiii. [Ipu mianyBaHHI TOTO YM 1HIIOTO THIYy CHJIOCY, BapTO
BU3HAYATU ONTUMalIbHI (POpMHU CHOpPYIU, JOTPUMYBATHUCS BCIX HOPM MIOJO
repMeTH3allili CTUKIB, IeTaTbHO BUKOHYBATH PO3PaXyHKH HABAHTAKEHb Ta BAKOHYBATH
KOHTPOJIb $IKOCT1, MOHITOPUHI CTaHy CIOPYId, MPOBOAUTH CBOEYACHI PEMOHTHI
3axonu. BpaxoByrouu BCi HassBHI OCOOJMBOCTI 3BEJICHHS CIIOPYAH, BOHA BOJIOIITHME
e(heKTUBHUMHU BJIACTUBOCTSMH JOBIOBIYHOCTI, CTIMKOCT1 0 30BHIIIHIX YHNHHUKIB Ta
HaJIIMHOCTI1, 1[0 € SIK HIKOJIM BaXKJIMBHUM MHUTAHHSAM B arpapHoMmy, OyJiBEJIbHOMY Ta
MIPOMHKCIIOBOMY CEKTOPaX €KOHOMIKH.
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THHOBAIIIMHI PINEHHSA TPU COHOPY/[’KEHHI BALIT
3B’S13KY BEJMKOI BUCOTH

actyx Biktop MukoaaioBu4

3100yBay BUILIOT OCBITH OAaKaIaBPChKOTO PiBHS

JankeBuu Hartania OjgexkcanapiBHa

K.T.H., IOUEHT

IHactyxoBa Cycanna BanepiiBHa

CT. BUKJIaJa4

Kadenpa npomucinoBoro ta HuBiIbHOTO OYy/1IBHUIITBA
[mxenepHuii HaBYaTbHO-HAYKOBUH 1HCTUTYT iM. FO.M. [ToTe6H1
3anopi3bKuii HalllOHAJBHUHN YHIBEPCUTET, Y KpaiHa

ByaiBHUITBO GallT 3B’s3Ky BEJIMKOI BUCOTH — 1I€ CKJIAHUM Ta KOMITKHUI Mpolec,
KU MOTpedye TOYHOCTI B po3paxyHKaxX MIOJ0 BIUIMBIB Ta HaBaHTaXEHb, HAIBHOCTI
BHCOKOKBaTI(hIKOBAHUX KaJIPIB Ta BMOPOBAKCHHS I1HHOBALIIMHUX TEXHOJOTIH SK
BJIACHE B IPOILIEC 3BEJCHHS CIOPYIH, TaK 1 B MpOLEC ii 0OCIyroByBaHHs. 3arajiom,
BapTO 3a3HAYMTH, L0 CIOPYMKEHHS TakuxX OallT — L€ MO€JHAHHS MaTepilajbHO-
KOHCTPYKTUBHUX, a€pOAMHAMIYHUX Ta €KCIUIyaTal[liHUX BUKIIMKIB, SIKI MOTPEOYIOThH
BUPIIICHHS, 30KpeMa, dYepe3 BIPOBAKEHHS 1HHOBAIllM, sKI Hacammepena 3AaTHi
MNPUIIBUJAIIATA MOHTaX CIOPYJA, MIABUIIUTH iX eKCIUTyaTalliiHy HaJiHHICTD 1
JOBTOBIUHICTh Ta 3HM3UTU BUTPATH PECYpPCIB NpH iX OYIIBHUIITBI 3arajioM, L0 SK
HIKOJIM € aKTyaJIbHUM Ta HaraJbHUM SIBUILEM, CTAHOM Ha ChOT'OJIHI.

Bexa MOO1IBbHOTO/CTIIBHUKOBOTO 3B 3Ky — 1€ BUCOKA METaJjieBa OaliTa, Ha sKiif
KPIMUTHCS 00JaHAHHS IS Tepeiadi Ta MPUHOMY CUTHAITY MK aDOHEHTaMU MEpexi.
Touku po3ramryBaHHs BeX YTBOPIOIOTh, TaK 3BaHl, «CTUIBHUKW» — IUISIHKH, SKI
YaCTKOBO TMEPEKPHUBAIOTHCA MK Cc000I0 Ta 3a0e3MeuyroTh CYIUIbHE TMOKPUTTS
2G/3G/4G/5G. KoxHa Bexa € HEB1JI' €MHOIO CKIIaJIOBOIO 1HPACTPYKTYPH MOO1ITHHOTO
3B’SI3Ky, TOMY HaBiThb MiHIMaJbHI 3001 B poOOTI O/HI€l CTaHUIi MOXYTb CYTTEBO
BIUIMBAaTH Ha SKICTh MOKPUTTA 3HAYHOI 3a Iulomiero TepuTopii. Tomy, sK yxe
3a3HAYaoCs paHille, KIHOYOBUM Ta OCHOBHHUM CTaHIAApPTOM CYYaCHUX MOOUIBHUX
OTIepaToOpiB € OYIIBHUIITBO MIITHUX 1 CTIMKUX BEX 3B’SI3KY, SIKI MAIOTh JOBTUMA TEPMiH
eKCIUTyaTallii Ta TapaHTyIOTh Oe3nepeOiiiHuiA 3B’ 130K HABITh Y CKIATHUX KIIIMATHIHUX
ymoBax (Puc. 1) [1].
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Pue. 14.5. Ocnonni CRILI0ET CHETEM CTIABHHKDBOTD 38 31KV

Pucynoxk 1. IIpuxazn Oamru 38’ 13Ky BEJIMKOI BUCOTH Ta CX€Ma YTBOPEHHS CTIIbHUKOBOTO 3B’SA3KY

3 orisAgy OCHOBHHUX THIIIB OamiT 3B’A3KYy BEJIMKOI BHUCOTH, BAPTO BUIUIUTH
JIEK1UJIbKA THUIIIB, SIK1 PI3HATHCA MK COO0I0 3HAYEHHSIMU ra0apuTiB Ta eKCILUTyaTalliiHUX
HaBaHTaxeHb [ 1; 2]. KopoTka knacudikairis nux cropy HaBejeHa B Ta0muii 1.

Tabauus 1. OcHOBHI TUIH OamT 3B’A3KYy BEJIMKOI BUCOTH, 3aJI€KHO BijJ 3HAaUeHb radapuTiB Ta
eKCIUTyaTalliiHUX HaBaHTa)KCHb

Twumm Bex

XapakTepucTuKa

Bucora,

[m]

Bara,

[xr]

Po3mip ocHOBU

[TpyTKOBI
(Puc. 2, A)

Konctpykmii, 3i0pani Oontammu Ta
3BapIOBAHHSAM 31 CTaJeBOTO IPYTKa, Y
bopmi YOTUPUTPAHHOI mipamiau
BUT'OTOBIISIETHCS B Jiama3oHi BUCOT 30-
40 wetpiB. IlpyTKOBHII KOHCTPYKTHB
BUTPUMY€E CEpeIHIN piBeHb BITPOBHUX
HaBaHTaxeHb (mo 28,3 w/c). [na
CEpBICHOTO 00CITyroByBaHHS
nependavyeHo  MeTajeBi  cXoaMm 3
nopyunsmu. KoHcTpykiist 30upaeTbes
3a MOJYJbHMM TNPUHIIMIIOM — BHCOTA
HapOIIYETHCS BCTAHOBICHHSM T'OTOBHX
3aBOACHKHX  CeKlid. Bukopucranss
NPYTKOBOTO TPOKaTy pOOHUTH BEXYy
MII[HOIO  JUIs  CTaHJApTHUX  yMOB
eKCIuTyaTartii

30m

3500 kr

1,4x1,4 M

40 m

4800 xr

1,4x1,4 M

TpyOHi
(Puc. 2, b)

Konctpykuii 'y ¢opmi TpurpanHoi
nipamign 30upaeThCs 31 CTaJIEBUX TPYO
OonramMu Ta 3BaproBaHHAM. Bucora
Oamir Ttakoro Ttunmy — 40-50 wmetpis.
Jonyctumuii piBEHb BITPOBHUX
HaBaHTaXeHb — g0 25,2  w/c.
OOcnyroByBaHHS METaJIOKOHCTPYKLIN
3/11MCHIOETHCS 3a JIOIOMOI'OI0 CXO[IB 3
nepuiIaMu Ta CEpBICHUMHU
Maiiianunkamu. Bexa ¢ TpyOHOro
NPOKAaTy  BIJPI3HAETBCS  BUCOKOIO
MIIHICTIO, Ma€ CcTaOUTbHI  OTOpH,
HOiAXOAUTh  JAJSI  MOHTaXy  BaXKKoOi
MpUMaBHO-TIEpEIaBAIbHOI anapaTypu
CTUIBHUKOBOT'O 3B’SI3KY

40 m

5881 kr

2,98x2,98x2,98 m

50 m

8760 kr

3,62x3,62x3,62 M
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KyTukosi
(Puc. 2, B)

KoHcTpykuii, $SKi BUTOTOBISIFOTBCS 31
CTaJIeBOTO KyTOBOTO MpOKaTy
3BapIOBAHHIM Ta 00aTOBUMU
3’eqHaHHsAMH. lle yHiBepcaibHUN THII
METAJTOKOHCTPYKIIIH, SKUH TMiIXOAUTh
Juist OyIiBHUIITBA BeX BHUcOTOKO 40-60
METpIB y Pi3HUX KJIIMaTHYHUX peTioHax
Ta OyAb-KMX BITPOBUX  pailoHax
Vkpainun. @opma Bexi — Tpamemis 3
4oTHpMa TPaHsSIMH. TexHiune
o0CITyroByBaHHsS 3a0e3medyeThCsl 32
JOTIOMOT OO0 CXO/IB, OCHAIICHUX
MOPYYHSIMH Ta CEPBICHIUMH
MalJaHYuKaMH  JJIE  PO3MILICHHS
oOiagHaHHA Ha BEPIIMHI BeXi Ta Ha
MPOMDKHUX MO3HAYKAX

40 m

5016 kr

3,73x3,73x3,73 M

50 m

6975 xr

4,57x4,57x4,57 m

60 m

8962 kr

5,4x5,4x5,4 m

bararorpanni
(Puc.2,T)

KoniuHi CTifiK# 3 THYTOTO JUCTOBOIO MpOKaTy 3 6-12 rpansmu. BinpizHsatoThCs
BiJl TpAaTYaCTUX OUTHII KOMITAKTHUMH PO3MipaMU OCHOBHM Ta MEHIIOIO Baroio.
Cexk1ii onopu 30uparoThes GuaHIsIMU 200 TEIECKONMIYHO, BHYTPILIHIN TPOCTIp
BUKOPUCTOBYETHCS JUIS  IMIJIBEJACHHS KaOEIbHO-TIPOBITHUKOBOI MPOYKIIii.
HasBHiCTh KITBKOX BEPTUKAIBHUX pedep KOPCTKOCTI 3abe3rneuye BUCOKY
MIIHICTh KOHCTPYKIli Ta CTIHKICTh JO BITPOBUX HABAHTAXEHBb. 3aXHCT BiJ
KOpOo3ii 3a0e3neuyeThes TapssuYuM [IMHKYBAHHSM — ITiJ] Yac 3aHYpPEHHS IIHHKOBE
MOKPUTTS HAHOCUTHCS HA 30BHINIHIO Ta BHYTPIIIHIO TOBEPXHIO TPAHOBAHOTO

KOHYCY

Pucynok 2. Tunu G6amr 38°s13ky: A) IlpytkoBa; b) Tpy6na; B) Kyrukosa; I') baratorpanna

Jlist cnopyipKeHHsl 6allT 3B’ 3Ky BEJTMKOI BUCOTH B YMOBaxX ChOT'OJICHHS CTa€ 3a
HEOOXIJTHICTh BXKMBATU MEBHUX 3aXOAIB, 30KpeMa, BIPOBAKYBaTH 1HHOBALiHI
pillIeHHs Ta 1/1€i, sIKi MOKYTh BTUIIOBATHUCS SIK Y BUTJISIAI MaTepiaiiB, Tak 1 BUTIISIL
uudpoBux HanaOaHb OyIIBENBHOI IHAYCTpIii. 3arajoM pO3IJIAHYTI 1HHOBAIll MOKHA
PO3MOIUIATH Ha JAEKUTbKA TPYII:

1. IHHOBAITIHHI PIICHHS 1010 KOHCTPYKTHUBY OAIlIT 3B’ A3KY:

e 3acTOCyBaHHs

nemriidepiB/aMmopTU3aTOPIB.
BIJIIrPa€ KIIOUOBY pPOJIb Yy

nemiiepiB/aMoOpTU3aTOPIB 3 HANTAIITOBAHOIO MAaCOI0
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MIATPUMII CTa0lIFHOCTI Ta KOMGOPTY KOHCTPYKIlIH OamT 3B 3Ky BEIUKOi (hopmH,
OCKUTBKM III TPUCTPOI 3/1aTHI 3MEHIIYBAaTH BIOpaIliiiHi BIUIMBH, HAJAIITOBYIOUU
9JaCTOTY CBOiX KOJMBAaHb BIAMOBIHO IO 9YaCTOTH KOHCTPYKIIii, IKy BOHH 3aXHIIAIOTh.
[li cucrtemu po3poOneHi nJisi Pi3HUX KOHCTPYKIIHA, 30KpeMa, MOYHHAIOYH
XMapo4yocaMmi, i 3aBepirytound Moctamu. CKIIalatloThes 11 IPUCTPOI 3 MacH, NPy KUH
Ta AeMI(EepHUX €JIEMEHTIB, K1 MPaIIOI0Th Pa30M AJIsl PO3CIIOBaHHS eHeprii [3];

e MoaynpHa (3aBojichbKa) 30ipka. MOXIJIMBE BUKOPUCTAHHS MOAYJIBHUX CEKIIIN
OaIT 3B’S3Ky J03BOJISIE KOHTPOIIOBATH SKICTh B 3aBOJCHKUX YMOBAaX Ta HA/Ia€ 3MOTY
B MPUCKOPEHOMY PEXKHUMI BUKOHYBAaTH MOHTa)KHI pOOOTH a00 4acCTKOBO 3aMIHIOBATH
eJeMEeHTH OamT. 3araioMm, e NPUIIBUIAIIYE po3ropTaHHs S5SG-iHOpacTpyKTypu Ta
3MEHITY€E MOTPeOy Y BaXKKIA TEXHIIl, OCOOJHMBO KOJIM MOBa HJe MPO YIILILHCHY
3a0ynoBy [4; 5];

2. InHoBarii B chepi BUKOpUCTaHHS Oy/IBEJIbHUX MaTepiaiiB Ta KOHCTPYKIIH:

e 3acTOCYBaHHS BYTIJICLIEBUX Ta CKJIOIUIACTUKOBHX MaTepiaiiB. BukopucraHHs
MaTepiaiiB TAKOro THITY I03BOJIsi€ 3SMEHIIIUTUA Macy KOHCTPYKIIii Ta BOAHOYAC 30epertu
ab0 HaBITh NIJBUIIMTU MINHICTh KOHCTPYKIl OamTu 3B’A3Ky. Takox BapTo
3a3HAYUTH, 1[0 iX BUKOPHUCTAHHS CIIPUSE CKOPOYCHHIO BUTpAT Ha (yHIAMEHTHI
poOOTH, BAAIITYBAaHHS JIOTICTUYHUX JIAHUIOTIB Ta MiA01p MiANOMHOI TexHiku [4; 5];

e EKOJOTiyHICTH Ta 3MEHINICHHS BYTJICIIEBOTO CIIiTy. BUKOpUCTAaHHS Cy4acHHUX
KOMITO3UTHUX MaTepialliB, SIKI BHUPI3HSIIOTHCS OCOOJIMBOIO JIETKICTIO Ta BOJHOYAC
BIIMIHHOIO MIIIHICTIO JO3BOJISIE 3MEHIIWTH PIBEHb BHUKHUIIB BYTJEIIO BiJ BEX
CTUTBHUKOBOTO 3B’s13Ky Ha 70%, 110 BIAMOBIIa€ aCTIEKTaM BIPOBAKEHHS «3EIICHUX)
TEeXHOJIorii [4; 5];

3. [nHoBaIIilHI TEXHOJIOTI U(PPOBOTO BEKTOPA:

o [{udposizaiis npoexkryBanHs (3actocyBanHsi BIM-TexHOIOT1# Ta TEXHOIOT1H
uudpoBUx ABIMHUKIB). IHTErpaliitHi nporecu Mixk TexHoiorisimu BIM ta nudpoBux
JBIMHUKIB CTBOPSTh MOXJIMBOCTI JUIsl TOYHOTO MOJIENIOBAHHS Ta PO3PAXyHKY
acpoJMHAMIYHUX  BIUIMBIB, PO3MIMICHHS TMOTPIOHOT  amapaTypd, KOHTPOJIIO
OyZIiBebHUM IPOLIECOM B peajbHOMY uaci. BonHodac, B moganbimomy 3’ BISIOTHCS
MO>KJIMBOCTI JIJII MOHITOPUHTY CTaHy KOHCTPYKIIIHA Ta MPOrHO3HOTO 00CITyrOBYyBaHHS
CIIOpY/IH 3arajom [6];

e brnJIA (aponm) Ta poboruzaiis. BukopructanHs ApOHIB MiJBUIIYE IBUAKICTD
Ta 0e3MeKy MPOBEICHHS 1HCIICKIIIHN, MPU [IbOMY 3MEHIIYIOUH NOTpeOy B MiIHOMHUKAX
Ta poOOTI Ha BHUCOTI, & TAKOXK MNPUCKOPIOE i JeTani3ye BUSABICHHS AEPEKTIB Yy
KOHCTPYKIIsX [7];

o [lIryynuii intenexkt (Al) Tta Intepuer peueit (IoT). BmpoBamxeHHs
texnonorid Iatepuery peuerr (IoT) mo3Bonse TPOBOAWTH MOHITOPUHT Ta
o0ciyroByBaHHs OallT B pEKUMI PeaibHOTO Yacy, BUABISITH Ae(EKTH Ta MJIaHyBaTU
TEXHIYHI PEMOHTHI POOOTH 3a PaxyHOK BCTAHOBJIEHUX JaTYMKIB Ta CEHCOPIB.
Bonnouac Texnomnorii llItyunoro intenexry (Al) HamarOTh MOXKIUBICTh aHATI3YBATH
MacHuBH iH(oOpMaIiil Ta CTAaTUCTUYHUX JaHUX IIMOJO0 IMOIIKOJKEHb, BUKOPUCTAHHS
HOBUX MartepiaiiB Tomo [8].

OTxke, BapTO 3a3HAUMTHU, IO OAIITH 3B SI3KY BEJIMKOI BUCOTH TpalOTh BaXIIUBY
poJib 'y CTaOUIbHIM MIATPUMII 3B’SI3KYy Ta CTaHy KPUTUYHOI 1H(PACTPyKTypH.
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ByniBHUNITBO TakuWx CHOOPYJ BHMara€ 4iTKHX Ta JCTAIBHUX PO3PaxyHKIB,
OOTpyHTOBaHOTO  BHOOpPY  MarepiaibHO-TEXHIYHOI  0a3u  Ta  HasgBHOCTI
BHCOKOKBaTI(hIKOBAaHUX KaJApiB, HOBUX TEXHOJIOT1M 1 OHOBJIEHOI 0a3u OyIBHHUIITBA.
[[lomo BHOpoBa/KeHHS I1HHOBAIIIMHUX pIIIEHb, BAapTO 3a3HAYUTH, MO0 TakKi
TEXHOJIOTTYHO-IIPOIPECUBHI PIIIEHHSI € AyXe NEPCHEKTUBHUMHU W yXe, CTAHOM Ha
ChOTOJIHI, BUKOPHUCTOBYIOTHCS, aji¢ HAaBITh HE3BaKal0Ud Ha II€, BOHU BCE OJHO
MOTPEOYIOTh T0JATKOBUX BUIIPOOYBAHb 1 JOCTIIKEHb, OCYy4YaCHEHHS HOPM, CTaHAapTIB
Ta BUMOI, a TaKOXX BHPIIIEHHS NpoOJeM 3 BapTICTIO, TaK sK OOJaJAHAHHS HJis
IHHOBAIIMHUX PIIIEHb MA€ 3HAYHO BUCOKY IIHY Ha OyAiBEJIbHOMY PHHKY.
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XapKiBChKHUM HAIIIOHAIbHUN YHIBEPCUTET MICBKOT'O FOCIOIaPCTBA
imeni O. M. beketoBa, Ykpaina

[TigBumenas e(eKTUBHOCTI BUKOPHUCTAHHS 3eMeJIb, 3a0e3IeyeH s
(GyHKIIIOHYBaHHS TPAHCIIOPTHOT 1HOPACTPYKTYPH HA PETIOHATBLHOMY PIBHI, IPOTHUIIS
HacJiJIKaM arpecuBHUX OOMOBUX [iii, 3aJIeKUTh BiJ 3aCTOCYBaHHS Cy4acCHOTI'O
THCTPYMEHTAPII0, BPaXOBYIOYH JIOCBIJ i TPAKTUYHI aCIIEKTH.

OyHKIIOHATBHI OCOOJMBOCTI TE€OEKOJOTTYHOTO0 MOHITOPUHTY BHU3HAYAKOTHCS
BIMOBIIHUMU €JIeMEHTaMHU. 30Kpema, OOIpYHTOBaHI IHCTPYMEHTAJIbHI AacleKTH
PO3pOOKH i 3aCTOCYBAHHS PO3YMHOI CUCTEMH €KOJIOTTYHOI0 MOHITOpHHTY [1, 2].

JUist  3a0e3neueHHsT MOHITOPUHIY BHUKOPHUCTAHHS 3€MEJb TPaHCHOPTHOI
1HGPACTPYKTYpH Y MDKHAPOJIHIA MPaKTUIl Yy KOHTEKCTI YMPaBIIHHS CHUCTEMaMH
3aCTOCOBYIOTHCS METOJH: CTPATEriyHOTO YMpaBiHHS; (PIHAHCOBOIO MEHEKMEHTY;
HOPMAaTHBHO-TIPABOBI Ta JIIeH30BaHi; iHGopMaIriitHi [3].

VY cucremi 3a0e3nedeHHs] MOHITOPUHTOBUX MPOLEIYP Y MIKHAPOAHINA TTPaKTHII
3aCTOCOBYIOTHCS CHUCTEMH OE3MIIOTHUX TEXHOJOTIN peami3allis SKUX 3A1HCHIOETHCS
yepes MpU3My: IHCIEKIIT Ta KaniOpyBaHHs BOTHIB TOYHOTO 3axoay Ha nocanky (PAPI);
CUCTEMH CBITIOCUTHAJIBLHOTO oOsianHanHst (ALS); cucremu mocajgku MOBITPSTHUX
cynen 3a mpunagamu (ILS); pamiorexHiuHuX 3ac00iB YIBTPAKOPOTKOXBHIIHOBOTO
nianazony (VOR); cucremu 300py €1€KTPOHHUX JAHUX MPO MICLIEBICTh Ta MEPEIIKOIU
(emexTponH1 AaHi po penbed 1 nmepemkoan (eTOD) [4].

Texnonorii  3acTtocyBaHHsA  iHpopMariiiHOi  Mozeni  (GyHKI[IOHYBaHHSI
TPAHCHOPTHOI 1H(PPACTPYKTYpH, YIOCKOHAJEHHS OpraHi3aliiHuX aclekTiB il
PO3BUTKY MpeACTaBieHi y podoTax [5, 6].

Takum 4MHOM, OXapakTepru30BaHi GyHKI10HATIBHI 0COOJIMBOCTI T€0EKOJIOTTYHOTO
MOHITOPUHTY  BHKOPHCTAHHS  3€MeNb  TPAHCIOPTHOI  1H(pacTpykTypu  Ha
pEerioHaJIbHOMY piBHI, IO JIO3BOJWJIO C(OpPMYBaTh OCHOBY [Jisi BU3HAYEHHS
BiJIMTOBITHUX YMHHUKIB 1 MTOKA3HUKIB TSI OIIHKU ¥ CTBOPEHHS KIJTbKICHOTO MATPYHTS
MPUIHATTS PIIICHb.
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TEPUTOPIAJIBHUM PO3BUTOK BUKOPUCTAHHSA
3EMEJIb HA PETTIOHAJIBHOMY PIBHI: HAIIPSIMHU
PEAJIIBAIII TA IHCTPYMEHTAPIA
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dopMyBaHHS 3€Mellb CIOPSMOBAaHO Ha TMIABUINEHHS €(QEKTUBHOCTI  iX
BUKOPUCTAHHS JUIsi 3a0€3Me4YeHHs PO3BHUTKY PErioHiB. 3a OCTaHHI POKH
CIIOCTEPITa€ThCA 3HUKEHHS PE3yJbTaTUBHOCTI 3J1MCHEHHS 3€MEIbHUX BiJHOCHH,
CKOPOYEHHSI 3€MEJIbHO-MAHOBOIO TIOTEHINIAy, PIBHS 3aCTOCYBAHHS Cy4acHOTO
IHCTPYMEHTAPII0 36MJICKOPUCTYBaHHSA. Y TaKUX yMOBaX, aKTyaJIbHAM IUTaHHSIM €
dbopmyBaHHs Ta 3ale3meueHHs TepuTopianbHOro po3Butky (TP) Bukopucrtanus
3emenb (B3) Ha perioHaIbHOMY PiBHI.
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TeopeTnuHi MOJTOXKEHHS Ta MPAKTUYHI aCMEKTH 3a0e3MeUeHHs] TEPUTOPIATIEHOTO
PO3BUTKY BUKOPHUCTAHHS 3€MeJb MpeCTaBleH1 y po3pookax [1-3].

Jist  3a0e3nedyeHHs TEpUTOPIAILHOIO  PO3BUTKY BUKOPUCTAHHS  3€MEIb
3aMpONOHOBAHI HATIPSIMH:

—(opmyBaHHs 1HGOpMaIliifHO-aHATITHYHOTO 3a0e3neueHHs TP B3;

—1o0y10Ba KUIBKICHOI OCHOBU TNPUHHATTS pilieHb y cdepl 3abe3nedeHHs
TEPUTOPIATILHOTO PO3BUTKY BHKOPHUCTAHHS 3€MeNb, sika 0a3yeTbcsl Ha pe3yJibTaTrax
3aCTOCYBAaHHS KOMILUIEKCHOTO MIAXOAY 0 OLIHKH, MATEMaTUYHOTO MOJEIIOBAHHS
MIPOTHO3YBaHHS,

—BU3HAYEHHS MOKJIMBOCTEHN 3aCTOCYBaHHA re0iH()OpMAaIiiHOTO IHCTPYMEHTAPIIO
st 3a0e3neuends TP B3 periownis;

—3aCTOCYBaHHS reoiH(opMaIiitHUX cucTeM IS 3a0€3MeUeHHS TePUTOPIaTbHOTO
PO3BUTKY BUKOPUCTAHHS 3€Meb;

—po3po0ka i peamizairis 3axo/iB 3abe3nedeHHs: TP B3 perionis.

MaremaTuyHe MOJICJIIOBAHHS UYMHHUKIB 3a0€3MEUYEHHS TEPUTOPIAIbHOTO
PO3BUTKY BUKOPHUCTAHHS 3€MEJIb PETIOHIB 3/IIMCHIOETHCS Ha OCHOBI 3aIPOIIOHOBAHHUX
etamiB. Jljs MareMaTHYHOTrO MOJICIIOBAaHHS 3aCTOCOBYeThbCs kKomruiekcu Exell Ta
Statistica. [Ipm  1bOMy  BHKOPUCTOBYETHCS  IHCTPYMEHTapii  KOpemsIiiiHO-
perpeciiiHoro aHamisy.

Po3po06iieHi MaTeMaTHyH1 MOJIEN1 BIUTMBY CUCTEMHUX YMHHHUKIB Ha IHTErpaIibHUI
MOKa3HUK PIBHA 3a0€3MEYeHHS] TEPUTOPIAIbHOTO PO3BUTKY BUKOPHUCTAHHS 3€MEJIb
perioHiB. BcTaHOBIIEHO BHCOKMH pIBEHb BIUIMBY CHCTEMHHUX (DYHKIIIOHAJIBHOTO,
IIPOCTOPOBOr0,  MICTOOYMIBHOT'O,  1HBECTHI[IHHO-IHHOBAIIIHHOTO,  OE3IEeKOBOTO,
COLIIAJIBHOT0, CTEMKXOJAEPHOT0 YNHHHUKIB. JIWIIe CHCTEMHUI €KOJOTTYHUM YMHHHUK Ha
MOCepeAHbOMY DIBHI BIUIMBAaB Ha 3MIHM I1HTETPAJIbHOTO TOKA3HUKAa PIBHS
3a0€3MeYeHHs TePUTOPIATIBHOTO PO3BUTKY BUKOPUCTAHHS 3€MEJb PET10HIB.

CdopMOBaHO KUIBKICHY OCHOBY MJii MPOTHO3YBAHHS 3MiH UYHWHHUKIB PIBHS
3a0€3MeYeHHs] TEPUTOPIATHHOTO PO3BUTKY BUKOPUCTAHHS 3E€MENb PETIOHIB, IO
J03BOJIMJIO BHU3HAYUTH «TOYKH 3POCTAHHS» IHTErPATbHOTO IMOKAa3HHWKA 1 BUSBHUTH
TEHICHIII] TEPUTOPIATBHOTO PO3BUTKY.

Jnst popMyBaHHS HAyKOBO OOIpYHTOBaHMX pEKOMEHJallli Ta BHU3HAYCHHS
«TOYOK» 3pOCTaHHS 3[1MCHEHO MPOTHO3YBAaHHS 3MIH YMHHUKIB PIBHS 3a0€3ME€UEHHS
TEPUTOPIATILHOTO PO3BUTKY BUKOPUCTAHHS 3€MEJIb PEriOHIB Ta BCTAHOBIICHO PIBEHb,
7€ BIIOYBA€TbCS 3POCTAHHS I1HTErPAJILHOTO TOKa3HUWKA 3a BCIMAa peErioHaMHu.
[IporHo3yBaHHS 3MIH UYMHHUKIB DPIBHS 3a0€3MEYECHHS] TEPUTOPIATLHOTO PO3BUTKY
3IMCHIOETBCS HAa OCHOBI PO3POOJIEHUX MOJENel 13 BU3HAUEHHSIM MOKPOKOBOTO
3pOCTaHHSA BiJIMOBIAHIX YMHHHUKIB.
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1. MamonoB K. A. OpranizaiiiHO-IpOCTOPOBUN MeXaHI3M 3a0e3nedeHHs
TEPUTOPIATILHOTO PO3BUTKY BHKOpUCTaHHs 3emelb perioHiB / K.A. Mamonos, K.O.
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Abstract

The primary aim of this study was to assess the level of biological pollution in the
air of different functional zones of Baku city and to determine the role of microorganisms
in ecosystem functions. Samples were collected from urban, industrial, and agricultural
zones, and the distribution, species diversity, and concentration of microorganisms were
analyzed. Aerosol filtration, impactor devices, and settling plate methods were used for
air sampling, and microorganisms were identified in the laboratory using morphological,
microscopic, and molecular techniques.

The results showed that the highest concentrations of airborne microorganisms
were observed in the urban zone, with dominant pathogenic and allergenic species. In
the industrial zone, species diversity was more balanced compared to the urban zone,
while concentrations were moderate. In the agricultural zone, species diversity was
high but concentrations were low, indicating a predominance of natural bioaerosols.

Statistical analyses (Simpson and Shannon diversity indices, ANOVA, and
Kruskal-Wallis tests) confirmed significant differences between zones. The study also
highlighted the bioindicator potential of the airborne microbiota, effectively reflecting
the intensity of anthropogenic impact. Changes in microbial composition serve as
reliable indicators for assessing ecosystem health and provide a scientific basis for
urban ecosystem management.

In conclusion, the distribution and diversity of airborne microorganisms are
crucial indicators for monitoring anthropogenic impacts and evaluating ecological
risks. The findings are significant both scientifically and practically, providing a
foundation for urban ecosystem protection, air quality monitoring, and the
development of public health strategies.

Key words: airborne microbiota, biological pollution, microorganisms, urban
ecosystem, anthropogenic impact, bioindicator, ecological monitoring

Introduction

The air environment plays a fundamental role in the life of organisms and the
functionality of ecosystems. The atmosphere is not only composed of physical and
chemical components but also contains biological elements, including
microorganisms, spores, viruses, and other microbiological agents. These biological
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components determine air dynamics and quality, directly influencing energy and matter
cycles within ecosystems.

In recent years, intensified human activity has caused significant changes in air
quality. Urbanization, industrial production, transportation, and agricultural activities
not only increase the concentration of chemical pollutants in the atmosphere but also
alter the structure and quantity of microorganisms. These changes lead to a
phenomenon known as biological pollution, which has significant ecological, medical,
and social implications[1].

Microorganisms in the air perform diverse roles. They actively participate in
ecosystem processes such as the decomposition of organic matter and biogeochemical
cycles of nitrogen and carbon. At the same time, some microorganisms are pathogenic
and pose health risks to humans and animals[2]. Airborne bacteria and fungal spores
can cause allergic reactions, respiratory diseases, and food- and water-borne infections.
The distribution, concentration, and diversity of microorganisms can serve as
bioindicators of anthropogenic activities, allowing for the assessment of the ecological
status of the atmosphere.

Biological pollution is not only a medical concern but also a crucial ecological
indicator. High concentrations of airborne microorganisms in urban environments can
affect ecosystem dynamics, the health of plant and animal biota, and the functional
state of soil and water systems. Additionally, microorganisms can be transported over
long distances in the air, increasing their global ecological impact, affecting
biodiversity, and sometimes promoting the spread of invasive species[3].

Biological pollution varies across urban, industrial, and agricultural zones. Urban
ecosystems, characterized by high population density and industrial activities, exhibit
elevated concentrations of pathogenic and opportunistic microorganisms. In
agricultural zones, soil- and animal-derived bioaerosols dominate and influence
microbial composition. These differences provide the basis for evaluating the
bioindicator potential of microorganisms and determining ecosystem responses to
anthropogenic pressure[4].

Studying biological pollution is highly relevant for modern ecological research
and public health. Systematic analysis of microbial diversity, concentration, and
distribution provides critical data for assessing atmospheric ecological status,
monitoring air quality, and mitigating human health risks. Therefore, the ecology of
airborne microorganisms, including their functional and taxonomic characteristics,
bioindicator potential, and pathogenic risks, must be thoroughly investigated.

The main objective of this study was to determine the level and structural
characteristics of biological pollution in the air and to scientifically assess the role of
microorganisms in ecology and human health. Within this framework, the species
diversity and concentration of microorganisms in urban, industrial, and agricultural
zones were comparatively analyzed, and their significance as bioindicators and
ecological risk indicators was evaluated[5].

Materials and Methods

This study was conducted to evaluate the biological pollution of the air and the
role of microorganisms in different functional zones of Baku city. Urban, industrial,
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and agricultural zones were selected to accurately assess variations in anthropogenic
impact and microbial distribution. The urban zone was characterized by high
population density, intensive traffic, and industrial activities; the industrial zone
included areas with metallurgy, chemical, and energy facilities; and the agricultural
zone covered fields, livestock farms, and land-use areas. These three distinct ecosystem
types provided a comparative framework for analysis.

Air samples were collected between April and September 2025 during morning
(08:00-10:00) and afternoon (13:00—15:00) periods, with three replicates per zone.
This approach aimed to capture both daily and seasonal variations of airborne
microorganisms. Samples were collected from both open and enclosed areas,
prioritizing locations with high human activity and proximity to industrial facilities.

Multiple sampling methods were combined to ensure accurate assessment of both
viable microorganisms and species diversity. Aerosol filtration involved aspirating air
through sterile membrane filters, impactor devices directed microorganisms onto
nutrient media, and settling plates allowed airborne microorganisms to settle onto agar
surfaces to form colonies. Collected samples were immediately transported to the
laboratory for analysis.

Microorganism identification was carried out in several stages. Initially, samples
were inoculated on Sabouraud Dextrose Agar, Nutrient Agar, and Potato Dextrose
Agar and incubated at 25-30°C for 5-7 days. Colonies were preliminarily classified
based on morphology, color, size, and structure. Subsequently, light microscopy was
used to analyze spores, mycelium, and cellular structures for taxonomic identification.
Rare or unidentifiable microorganisms were analyzed using molecular techniques,
including 16S rRNA sequencing for bacteria and ITS region sequencing for fungi.

Data were analyzed using statistical software (R, SPSS). Microbial distribution,
species diversity, and concentration were evaluated using Simpson and Shannon
diversity indices. ANOVA and Kruskal-Wallis tests were applied to determine inter-
zone differences. The bioindicator potential of airborne microbiota and ecological risk
assessment were analyzed based on species’ ecological characteristics, pathogenic and
allergenic properties, and correlation with anthropogenic impact levels.

Throughout the study, strict adherence to laboratory protocols ensured the
reliability of sample collection and analysis. Meteorological data (temperature,
humidity, wind speed) were recorded at each sampling event and correlated with
microbial distribution, enhancing the accuracy and scientific validity of the study.

Results and Discussion

The results of the study indicated that the distribution and species diversity of
airborne microorganisms varied according to the functional characteristics of the zones
and the level of anthropogenic impact. In the urban zone, microbial concentrations in
the air samples were observed at the highest levels. This can be directly attributed to
high population density, intensive traffic, and industrial activities. Dominant species in
urban air samples included bacterial species such as Bacillus spp. and Staphylococcus
spp., as well as fungal spores such as Aspergillus spp. and Penicillium spp. The high
concentration of these microorganisms indicates significant biological pollution in
urban ecosystems, serving as both a medical and ecological indicator.
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In the industrial zone, species diversity was relatively lower compared to the
urban zone, while concentrations were moderate. Dominant microorganisms in this
zone were mainly opportunistic bacteria and aerosolized fungal species such as
Cladosporium spp. and Alternaria spp. This reflects the influence of industrial dust,
chemical pollutants, and other anthropogenic agents on microbial distribution. In the
agricultural zone, microbial diversity was higher, but concentrations were lower than
in the urban zone. This difference is attributed to the higher contribution of natural
bioaerosols originating from soil, vegetation, and livestock.

Statistical analysis using Simpson and Shannon diversity indices revealed that
urban zones had lower diversity, with a high proportion of dominant pathogenic and
allergenic microorganisms. This demonstrates the direct effect of anthropogenic
activities on microbial composition and their bioindicator potential. In contrast,
industrial and agricultural zones exhibited higher diversity and a reduced influence of
dominant species. ANOVA and Kruskal-Wallis tests confirmed that inter-zone
differences were statistically significant (p < 0.05).

Microbiological analyses demonstrated that airborne fungi and bacteria play
crucial roles in ecosystem functions. They participate in organic matter decomposition,
nitrogen and carbon cycling, and, in some cases, the dissemination of pathogenic risks.
The high pathogenic and allergenic potential of microorganisms in urban air highlights
the potential health risks for humans. Industrial zones showed moderate risks, whereas
agricultural zones were dominated by natural bioaerosols, reflecting the natural
ecological balance.

The study also assessed the bioindicator potential of airborne microorganisms.
Changes in microbial composition reflect the intensity of anthropogenic impact and
can serve as reliable indicators for evaluating ecosystem health. High concentrations
of dominant pathogenic microorganisms in urban zones are key parameters for
ecological risk assessment. In industrial and agricultural zones, microbial diversity and
concentration indicate the functional stability of ecosystems and the efficiency of
natural cleansing processes through bioaerosols.

Overall, the findings indicate that biological pollution in the air is directly related
to the distribution and species diversity of microorganisms and effectively reflects the
level of anthropogenic impact. The distribution and bioindicator potential of
microorganisms provide essential data for evaluating the impact of urbanization,
industrial activities, and agricultural practices on ecosystems. These results are
significant both scientifically and practically, providing a foundation for urban
ecosystem management, air quality monitoring, public health strategy development,
and ecological risk mitigation.

Conclusion

The study demonstrated that the distribution, species diversity, and concentration
of airborne microorganisms are directly influenced by the level of anthropogenic
impact in selected zones. The urban zone exhibited the highest microbial
concentrations, attributable to high population density, intensive traffic, and industrial
activities. Dominant microorganisms in urban air included bacterial species (Bacillus

40



Modern Science: Research, Economy and Innovation

spp., Staphylococcus spp.) and fungal spores (Aspergillus spp., Penicillium spp.),
indicating significant biological pollution and potential health risks.

In the industrial zone, microbial species diversity was more balanced, while
concentrations were moderate. Dominant microorganisms included opportunistic
bacteria and aerosolized fungal species (Cladosporium spp., Alternaria spp.). These
results reflect the influence of industrial dust, chemical pollutants, and other
anthropogenic agents on microbial distribution. The presence of microorganisms with
bioindicator potential in this zone provides important information for assessing
ecosystem functional stability.

In the agricultural zone, microbial species diversity was higher, but concentrations
were lower, reflecting the predominance of natural bioaerosols from soil, vegetation,
and livestock. The microbial composition in agricultural air reflects the natural
dynamics of ecosystems, organic matter decomposition, and the purification of soil and
water resources. This demonstrates that lower anthropogenic impact corresponds with
higher natural microbial diversity and contribution to ecosystem services.

Microbiological analyses further highlighted the multifaceted roles of airborne
microorganisms in both ecology and human health. They participate in organic matter
decomposition, nitrogen and carbon cycling, and, in some cases, the dissemination of
pathogenic risks. High pathogenic and allergenic potential in urban zones indicates potential
risks to human health, while industrial zones show moderate risks, and agricultural zones
are dominated by natural bioaerosols, reflecting natural ecological balance.

Statistical analyses confirmed the main findings. Simpson and Shannon diversity
indices were lower in urban zones and higher in industrial and agricultural zones, directly
illustrating the influence of anthropogenic impact on microbial composition and
bioindicator potential. Inter-zone differences were statistically significant according to
ANOVA and Kruskal-Wallis tests (p < 0.05), providing a solid scientific basis for
observed structural variations in air microbiota across different ecosystem types.

The findings emphasize the bioindicator potential of airborne microorganisms.
Changes in microbial composition effectively reflect anthropogenic impact intensity
and serve as reliable indicators for assessing ecosystem health. High concentrations of
dominant pathogenic microorganisms in urban and industrial zones can serve as key
parameters for ecological risk evaluation. In agricultural zones, natural microbial
diversity indicates ecosystem functional stability and the effectiveness of natural
cleansing processes through bioaerosols.

In conclusion, biological pollution in the air is closely associated with microbial
distribution and diversity, serving as a reliable indicator for monitoring anthropogenic
impacts. These results are of both scientific and practical significance, providing a
foundation for urban ecosystem management, air quality monitoring, public health
strategies, and ecological risk reduction.
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In urban environments, plants play an important role in trapping and filtering
xenobiotics - they are able to trap dust particles, toxic gases, and heavy metals.

The leaves and stems of trees and shrubs create a large absorption surface for the
deposition of fine particles with a size of 2-10 nm, which are the main component of
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urban dust. Dust is a typical emission at many industrial enterprises, where
technological processes and treatment facilities are imperfect. Almost all industries are
associated with dust particle emissions, especially significant dust emissions in the
mining, woodworking, chemical, machine-building industries.

According to some researchers [5], broad-leaved trees are able to retain up to 25%
of the suspensions present in the air, while one hectare of green spaces can absorb about
30-60 tons of dust each year. In addition, many plant species show high efficiency in
binding heavy metals present in the atmosphere due to anthropogenic activities -
industrial emissions or transport. Elements such as lead, strontium, zinc, cadmium
accumulate in plant tissues [1]. In large and small cities, urban flora acts as a natural
barrier that prevents the spread of pollution from roads and enterprises [2].

The scientific justification for the selection of plants for landscaping takes into
account their ability to phytoremediation and adaptation to specific conditions of the
urban environment. Thanks to the use of species resistant to artificial air pollutants, it is
possible to significantly reduce the anthropogenic impact on urban ecosystems and
improve the ecological situation in cities. Trees that accumulate pollutants such as
carbon dioxide and carbon monoxide, sulfur and nitrogen oxides, and soot are primarily
those that have high resistance to pollution and a developed dense crown with a sticky
cuticle: Populus alba L., which captures fine particles well, and Tilia cordata L. is able
to retain vehicle exhaust gases and effectively absorb soot. According to Kramer's
research [3], the following representatives of urban flora are hyperaccumulators of
pollutants in urban areas: Populus pyramidalis Rozier, Aesculus hippocastanum L.,
Ulmus glabra Huds., Robinia pseudoacacia L., Larix sibirica Ledeb., Betula pendula
Roth, Betula pubescens Ehrh., Ulmus laevis Pall., Pinus sylvestris L., Picea abies (L.)
H.Karst., Abies sibirica Ledeb., Thuja occidentalis L., Juniperus communis L., Syringa
vulgaris L. Planting these species along highways significantly delays the spread of
pollutants into residential areas of the city.

Among indoor plants, adventive species imported from humid tropical forests
stand out. These species are characterized by intensive gas exchange and are able to
quickly fill the room with oxygen, therefore they are recommended for cultivation in
schools, kindergartens, offices. These are such species as Spathiphyllum
cochlearispathum (Liebm.) Engl., Chlorophytum comosum (Thunb.) Jacques,
Asparagus setaceus (Kunth) Jessop, Nephrolepis exaltata (L.) Schott, Asplenium
scolopendrium (L.) Newman, Phlebodium aureum (L.) J.Sm., Dypsis lutescens
(H.Wendl.) Beentje & J.Dransf.). In addition to the fact that these species saturate the
air with oxygen and absorb carbon dioxide, their high decorativeness creates coziness
in the home. A separate group of useful indoor plants is made up of essential oil species
that secrete chemical substances — phytoncides, capable of inhibiting the development
of bacterial microflora in the air of the room. Such species include various species of
the genus Pelargonium - Pelargonium zonale (L.) L'Hér. ex Ait., P. peltatum (L.)
L'Hér. ex Ait., P. grandiflorum (Andrews) Willd., P. carnosum (L.) L'Hér. ex Ait., P.
crassicaule L'Hér. In addition to pelargoniums, phytoncide properties are possessed by
representatives of the citrus family, which are used for interior decoration: Citrus limon
(L.) Osbeck, C. aurantiifolia (Christm.) Swingle, C. reticulata Blanco, C. japonica
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Thunb. as well as other essential oil indoor species: Lavandula angustifolia Mill.,
Rosmarinus officinalis L., Plectranthus amboinicus (Lour.) Spreng. Indoor plants not
only convert carbon dioxide into oxygen, but also capture and absorb many pollutants
Plants play a vital role in maintaining a healthy indoor climate. According to recent
research, green spaces have a profound impact on everyone present. People living and
working in green environments are more productive. Such spaces have a positive
impact on patients, promoting faster recovery and better academic performance among
students. Plants purify indoor air, reduce carbon dioxide emissions, and increase
humidity. They help reduce the concentration of certain pollutants, such as benzene
and nitrogen dioxide. They also reduce dust concentrations in indoor air. They are
beneficial because they help keep indoor temperatures cool during the hot summer
months. [4]. The use of accumulant plants in interior design and landscaping of
populated areas helps improve air quality, which in turn boosts people's immunity.
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Abstract

The aim of this study was to identify the mechanisms through which
anthropogenic factors influence ecosystem dynamics and to assess their effects on
structural and functional parameters. The research was conducted across urban,
industrial, and agroecosystems, focusing on soil, water, air, and biotic components.
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The concentrations of heavy metals and biogenic elements, oxygen levels, air pollution,
and vegetation cover were analyzed in soil and water samples, while micromycete and
microbial communities were studied using cultivation and taxonomic analysis. The
results revealed that in areas with high anthropogenic impact, biotic diversity
decreased, dominant and tolerant species prevailed, and trophic interactions as well as
matter cycling were disrupted.

These findings indicate that anthropogenic factors weaken the functional stability
of ecosystems and, in the long term, lead to a decline in biodiversity. The study also
provides a scientific basis for ecosystem monitoring, bioindication, and the
development of sustainable management strategies. These results are of practical
importance for assessing ecosystem changes caused by urbanization, industrialization,
and intensive agricultural activities, as well as for planning restoration and
conservation measures.

Key words: anthropogenic factors, ecosystem dynamics, biotic diversity,
micromycetes, soil and water pollution, bioindicator, urban ecosystem

Introduction

In recent decades, the rapid expansion of human activities has profoundly affected
all components of the natural environment including the atmosphere, hydrosphere,
lithosphere, and biosphere disrupting the structural and functional stability of
ecosystems. These impacts, collectively referred to as anthropogenic factors, have
become a central focus of modern ecological research. Ecosystems are complex, self-
regulating open systems whose dynamics are formed through the interaction of
fundamental processes such as matter cycling, energy flow, and biodiversity. However,
anthropogenic influences disturb this natural balance, reducing ecosystem resilience
and potentially leading to degradation or complete collapse[1].

The mechanisms of anthropogenic influence are multifaceted, altering the
interactions between ecosystem components both directly and indirectly. Processes
such as industrialization, urbanization, intensive agriculture, transport emissions,
chemical pollution of soil and water, deforestation, and landscape transformation
disrupt the balance of energy and matter flows between biotic and abiotic
components[2]. These effects lead to soil degradation, slowed biogenic element
cycling, altered trophic levels in aquatic systems, decreased species diversity in biotic
communities, and accelerated spread of invasive species.

Changes induced by anthropogenic factors are observed not only locally but also
at regional and global scales. For instance, climate change, disruption of carbon and
nitrogen cycles in the biosphere, stratospheric ozone depletion, and the decline of
biodiversity are global problems that result from the anthropogenic disturbance of
ecosystem dynamics. Therefore, studying the dynamic responses and adaptive
potential of ecosystems is of great scientific and practical importance for maintaining
ecological stability, ensuring sustainable resource use, and minimizing environmental
impacts[3].

In studying the influence of anthropogenic factors on ecosystem dynamics, the
main objective is not only to determine the outcomes of such impacts but also to
understand the underlying mechanisms. These mechanisms include physiological and
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population-level responses of biotic components, alterations in trophic relationships,
disruptions in matter and energy flows, and ecological stress arising from changes in
abiotic factors (e.g., temperature, humidity, pH, redox potential). The nature of these
mechanisms may vary across ecosystem types; for example, chemical pollution in
aquatic ecosystems affects oxygen regimes, whereas in terrestrial ecosystems, similar
pollution limits the activity of microbial and fungal communities.

Collectively, these factors directly affect the structural dynamics of ecosystems,
the distribution of biomass, and biological productivity. Consequently, the stability of
energy transformation, matter transfer between trophic levels, and biodiversity is
altered. Thus, anthropogenic impacts are associated not only with the reduction of
biodiversity but also with the weakening of ecosystem functional stability[4].

One of the main directions of contemporary ecological research is the modeling
of the mechanisms through which anthropogenic factors affect ecosystems and
managing these impacts through monitoring, bioindication, and restoration methods.
Scientific understanding of adaptive responses and the sustainable management of
ecosystems is essential for ensuring ecological safety and preserving a healthy natural
environment for future generations.

Materials and Methods

The primary objective of this study was to investigate the dynamics of ecosystems
under anthropogenic influence. For this purpose, various natural and anthropogenically
modified sites were selected. Observations were conducted across urban, industrial,
and agricultural ecosystems. Urban ecosystems included central city areas exposed to
high industrial and traffic emissions, while agricultural ecosystems comprised
intensively fertilized and pesticide-treated soils. For comparison, relatively natural
park and green areas were also studied. Extensive data were collected on soil, water,
air, and biotic components at all sites.

For abiotic assessments, soil samples were collected from a depth of 0-20 cm,
and parameters such as pH, moisture content, humus, salinity, and heavy metal
concentrations were determined. Precise laboratory methods, including Atomic
Absorption Spectrophotometry (AAS), were used for soil analyses. Water samples
were analyzed for biogenic elements (NH4", NOs~, PO4*"), dissolved oxygen, and BODs
levels using photometric and titrimetric methods. Air pollution was assessed with
portable environmental analyzers, measuring particulate matter (PMio, PM2.5), COs,
and NO: concentrations.

Biotic components were analyzed to assess the status and structure of ecosystem
living elements. Phytosociological observations were conducted to identify dominant
and representative plant species, and green cover and biomass indices were calculated.
Micromycete and microbial communities were sampled from soil, cultivated on
Sabouraud Dextrose Agar and Malt Extract Agar, colonies were counted using the CFU
method, and taxonomic identification was performed based on morphological
characteristics. Soil fauna was analyzed using pitfall and Berlese methods, and species
diversity was evaluated.

Collected data were analyzed using various ecological indices to assess ecosystem
responses to anthropogenic pressure. Key indices included the Shannon—Weaver
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diversity index, Simpson dominance index, and Pielou evenness index. Soil and water
pollution were evaluated using bioaccumulation and contamination indices. Statistical
analyses, including correlation, cluster, and ANOVA, were performed using R, MS
Excel, and Past 4.0 software. The results were synthesized using eco-dynamic diagrams
and bioindicator systems.

All measurements were conducted in triplicate to ensure reliability, and mean
values were calculated. The confidence level of the results was set at 95%. The study
adhered to international ecological monitoring standards, providing a scientific basis
for understanding ecosystem responses and adaptive mechanisms under anthropogenic
influence.

Results and Discussion

The study demonstrated that anthropogenic factors affect ecosystems’ structural
and functional characteristics to varying degrees. In urban and industrial areas,
chemical analyses of soil and water indicated high levels of pollution. For instance,
soil samples contained significantly elevated concentrations of heavy metals (Pb, Cd,
Zn) compared to natural background sites. Water samples showed increased levels of
biogenic elements and decreased dissolved oxygen, negatively affecting microbial and
macrofaunal activity[5]. Similarly, air pollution in high-emission areas contributed to
reduced biodiversity and ecosystem functionality.

Observations of biotic components revealed an inverse relationship between the
intensity of anthropogenic impact and species diversity. In urban ecosystems, the
number of dominant species increased while overall species diversity significantly
decreased, as confirmed by Shannon—Weaver and Simpson indices. Analyses of
micromycete and microbial communities showed that sensitive species declined in
polluted soils, whereas invasive and tolerant species became dominant. A similar trend
was observed in soil fauna; nematode and arthropod diversity was limited, and trophic
balance was disrupted.

The results provided insight into the mechanisms through which anthropogenic
factors influence ecosystems, showing both direct and indirect effects. Direct impacts
included soil, water, and air pollution, intensive soil cultivation, and the use of
fertilizers and pesticides. Indirect effects involved altered interactions among biotic
components, disrupted energy flows between trophic levels, and a decrease in
bioindicator species[6]. For example, high concentrations of heavy metals in soil
imposed stress on micromycete and microbial communities, reducing their functional
activity. Similarly, a decline in vegetation cover negatively affected soil fauna, altering
feeding chains and biomass turnover.

These findings indicate that anthropogenic factors weaken the functional stability
of ecosystems and, in the long term, reduce biodiversity. Compared to relatively natural
sites, transformed areas showed limited adaptive capacity and reduced restoration
potential. This trend highlights the importance of maintaining ecological balance in
regions undergoing urbanization, industrialization, and intensive agriculture.

The practical significance of the results lies in their applicability to ecosystem
monitoring, bioindication, and the development of sustainable management strategies.
Understanding the intensity and mechanisms of anthropogenic impacts allows for the
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protection of ecosystem functionality and the effective planning of restoration
measures. Future research should focus on the long-term effects of different
anthropogenic factors on regional and global ecosystems, as well as on modeling
adaptive mechanisms and evaluating restoration efficiency.

Conclusion

The study demonstrated that anthropogenic factors exert complex and
multifaceted effects on the structural and functional characteristics of ecosystems. High
levels of soil, water, and air pollution in urban and industrial areas negatively affected
biotic diversity. Elevated concentrations of heavy metals (Pb, Cd, Zn) in soil, reduced
dissolved oxygen and high biogenic element content in water, and air pollution
increased the prevalence of dominant and tolerant species while reducing sensitive
species. These changes disrupted trophic interactions and matter-energy cycling,
weakening ecosystem functions.

Micromycete and microbial studies revealed a decline in sensitive species and
dominance of tolerant and invasive species in polluted soils, indicating a limitation in
ecosystem adaptive mechanisms and a potential long-term decline in biodiversity.
Vegetation loss indirectly affected soil fauna, disrupting feeding chains and slowing
energy flow between trophic levels. Consequently, anthropogenic impacts weaken both
the structural and functional stability of ecosystems.

The study also showed that the intensity and mechanisms of anthropogenic
impacts vary depending on ecosystem type. In urban and industrial areas, soil and air
pollution act as direct stressors, while in agroecosystems, fertilizer and pesticide use
indirectly alter vegetation, soil microbiota, and soil fauna. This underscores the
importance of assessing not only the level of pollution but also its functional and
structural consequences.

The results provide a scientific foundation for ecosystem monitoring and
bioindication. Identifying the causes and mechanisms of anthropogenic effects is
essential for sustainable ecosystem management, restoration strategies, and ensuring a
healthy natural environment for future generations. Moreover, the findings
demonstrate that ecosystem changes due to urbanization, industrialization, and
intensive agriculture are significant not only locally but also at regional and global
scales. Future studies should explore the long-term ecological consequences of
different anthropogenic factors, model adaptive mechanisms, and evaluate the
effectiveness of restoration processes.

In summary, anthropogenic factors exert multifaceted and complex effects on
ecosystems, and understanding these mechanisms is critical for maintaining ecological
stability, preserving biodiversity, and managing natural resources sustainably.

References
1. Abdullayeva, Sh. (2025). The impact of fungal diseases on plants in ecosystems
and ecological control methods. Nature & Science International Scientific Journal,
7(3), 26-29. e-ISSN: 2709-4189.
2. Balakhanova, G.V. (2024). The environmental footprint: Rethinking our
consumption habits. Scientific Research International Scientific Journal, 4(10), 75-79.

48



Modern Science: Research, Economy and Innovation

3. Balakhanova, G. V. (2024). Pathologies caused by fungi and their effects on
health. In IT International Conference on Biological and Agrarian Sciences, February
14. https://doi.org/10.36719/2707-1146/2024/11

4. Cheung, P. C., & Xu, J. (2016). Fungal bioaerosols in industrial and urban
environments: Health and ecological implications. Atmospheric Environment, 142,
320-330.

5. Shelton, B. G., Kirkland, K. H., Flanders, W. D., & Morris, G. K. (2002). Profiles
of airborne fungi in buildings and outdoor environments in the United States. Applied
and Environmental Microbiology, 68(4), 1743—1753.

6. Zain, M. E., & Ali, R. (2018). Environmental determinants of fungal bioaerosol
concentrations and their ecological effects. Journal of Environmental Science and
Health, Part A, 53(2), 101-110.

49



Modern Science: Research, Economy and Innovation

SECTION: ECONOMY

BILJIUB PU3UKIB HA PO3BUTOK PUHKOBHX
MOKJINBOCTEM BIBHECY: KEMC YKPAITHHA

Crannuk BajieHTHHA

. €KOH. H., TIpodecop

KpacoBcbkuii Osekcanap

3m00yBad PhD

Kadenpa MeHexMeHTy Ta aIMIHICTPYBaHHS
XMeIbHUIIbKUHN HaIllOHATBHUM YHIBEpCUTET, YKpaiHa

OnHuM 13 KIT0YOBUX (DaKTOPIB 3a0€3MEUEHHS CTAJIOr0 PO3BUTKY HALIOHAIBHOL
€KOHOMIKM € aKTMBHAa EKOHOMIYHA [ISJBHICTh YYacHUKIB puHKY. lle mae sk
