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INFLUENCE OF MILITARY ACTIONS
ON THE PROCESS OF THE FORMATION OF PRECIPITATION

Abstract. This work concerns the study of the influence of military actions on the
development of global ecological processes, in particular, the fall of acid rain from
individual single explosions. A mathematical model is proposed, which takes into
account the emission of pollutants into the subcloud washout zone and the kinetics
of the condensation process. The concentration of combustion products in the
atmosphere at the level of three to five diameters of the explosion area (the area of
the formed explosion funnel) is found using the theory of a convective jet from a
warm source to the environment. At the same time, we determined the speed of warm
air that rises above the area of the explosion, the average temperature in the
transition section of the convective jet, and the flow rate of polluted air in the upper
part of the jet. The paper presents a system of dimensionless non-stationary
differential equations for a high unshaded source, which can be used to determine
the dispersion of the main acid-forming substances in the Boussinesq approximation
with the variables "eddy velocity — current function — temperature — concentration”
with appropriate initial and boundary conditions. Sulfuric anhydride was
considered as an example of the main acid-forming substances and the most
dangerous and toxic compounds of explosion products. The proposed mathematical
model can be used to forecast the possible fall of acid rain on the territories adjacent
to single explosions, thereby making a forecast of changes in environmental risk as
aresult of military operations for the environment and the population. and will make
it possible to determine the zones of influence and dispersion from the place of the
explosion.

Key words: acid precipitation; single explosions; military operations; mathematical
model
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O.C. Bosiomkina, A.B. 'onuapenko
KuiBcpkuii HaiOHATBHUN YHIBEpCUTET OyAIBHHULITBA 1 apXiTeKTypH, M. KuiB, Ykpaina

BILIMB BOEHHUX JI
HA ITPOIIEC YTBOPEHHS KHCJIOTHUX OITAIB

Anomauia. /lana poboma npucesauena GUEUEHHIO GNIUBY BOEHHUX Oill HA PO3GUIMOK
2N0OAILHUX eKONIOZIMHUX NPOYeCis, 30KpeMd SUNAOIHHIO KUCIOMHUX ONaodieé 6id
OKpeMux 0OUHOYHUX 8UDYXI8. 3anpONOHOBAHA MATNEMAMUYHA MOOeb, KA 8PAX08)E
emicito  3a0pyOHeHb 6 30HY RIOXMAPHO20 BUMUBAHHA mMdA KiHemuKky npoyecy
KouOencayii. Konyenmpayia npooykmis 320panusa 6 ammocgepi Ha pieHi mpbox-
n’amu oiamempie niowi subyxy (niowi ymeopeHoi 0OpoHKuU 8UOYXY) 3HAXOOUMbCA 3
00nOMO2010 Meopii KOHBEKMUBHO20 CIPYMEHs 3 Menjio2o 0xcepeid 8 HABKOIUUIHE
cepedosuwje. Ilpu yvomy Hamu 6U3HAYANACA WBUOKICMb MeNnno20 NoGimps, sKe
30IUMAEmMbCst 820py HAO Naowero 8uUbyxy, cepeoHs memMnepamypa 8 NepexioHomy
nepepisi KOHBEKMUBHO20 CMPYMEHs, eumpama 3a0pyOHeH020 NO8Imps Y 6epXHill
yacmuni cmpymens. B pobomi nasedena cucmema 0e3po3MipHUX HeCmayioHapHUX
OougpepenyianbHux pieHAHb OJIsl BUCOKO20 HE3AMIHEHO20 Odcepend, KA Modice Oymu
BUKOpUCMAHA OISl  GUSHAYEHHS PO3CII08AHHA OCHOBHUX KUCIOMOYMBOPIOIOUUX
peyosur y Habaudcenui Bycumecka 3i 3MIHHUMU «BUXOD WBUOKOCI — (DYHKYIA
cmpymy — memnepamypa — KOHYeHmpayisy i3 6I0NO0GIOHUMU NOYAMKOSUMU MA
SpanuyHuMU ymosamu. B axocmi npuxnada 3 OCHOGHUX KUCIOMOYMBOPIOIOYUX
peyosur i Haubinbuw Hebe3neyHux I MOKCUYHUX CNOAYK NPOOYKMIE 6ubyxy
P03271A0a8cs CIpuanuil anziopuod. 3anponoHo8aHa MAmMeMamuyHa MoOelnb Moce
boymu 8uUKOpUCmMaHna O NPOSHO3Y MONCIUBO20 BUNAOAHHA KUCIOMHUX ONAOI8 Ha
npune2iux 00 NOOOUHOKUX BUOYXI8 MePUMOpInx, Mum camum 00360IUMb pooumu
NPOCHO3 3MIH eKONO2ITUHO20 PUBUKY BHACTIOOK BOCHHUX Oill 015 006K ma
HACeNeHHs Mma 8U3HAYUIMY 30HU 8NIIUEY M PO3CIIOBAHHS 8i0 MiCYs 8UOYX).

Knrouogi cnoea: xucromui onaou, oOunouHi ubyxu, 60€HHI Oii; Mamemamuina
Modenb

DOI: https://doi.org/10.32347/2411-4049.2022.4.5-14
Beryn

OmHMM 13 HETaTUBHUX HACTIJIKIB BOEHHUX [il € 3a0pyaHeHHs atMmochepu
HeOe3NeYHNMU Tra3aMHu, SKi YTBOPIOIOTHCS B PE3YJIbTaTi MOCTIHHUX apTHIIEPIACHKAX
oOCTpiNIiB Ta 3acTOCyBaHHS BUOYXiBKHM. Hu3ka HeOe3neuHHX XiMIYHUX CIIOINYK,
takux sk yagauii ra3 (CO), Byrnekucinii ra3 (CO2), Bogsna napa (H20), Oypwuii ra3
(NO), zakuc azory (N20), miokcun azory (NO2), dopmanbaerin (CH20), napu
mianucroi kucnotu (HCN), azot (N2), cipuanuii anrigpua (SOz), a Takok BeluKa
KUIBKICTh TOKCHYHOI OpPraHiK¥ BUBIIBHSETHCS B aTMocdepy, MPOXOASYH IIiJ Yac
BUOYXy IIOBHE OKHCIIEHHS. Byrnekucnuili ra3 i BoxsHa mapa BiTHOCATBHCA [0
MApPHUKOBHUX Ta3iB, OKCHIM CIpKM Ta a30Ty CHPUYHUHSIOTH KUCIOTHI IO 3
HETaTUBHUMU HacJijKamu (3MiHa pH IpyHTY, OIiKK pOCTIVH, HETATUBHUIA BIUIUB Ha
OpraHi3M KUBUX iCTOT TOIIO).

KucnoTHi nomii MaroTh HEraTUBHMHN BIUIMB HA OpPraHi3M JIIOJMHH, 30KpeMa Ha
CTaH CIIM30BHX TKAHWH Ta OPTaHW JIUXaHHs, BUKIMKAIOUH MPHU [LOMY ITiJIBUIIICHE
CIIM30BHIUICHHS B AMXAIbHHUX IIISIXaX, Kalledb, XpUIOTY, HOAPAa3HEHHS CIH30BUX
000JIOHOK, 3alIaMOPOYeHHS 1 Hy1OTy. TiIbKK OJHMH KinorpaM BHOYXiBKH YTBOPIOE
JEKIJIbKa IECATKIB KyOoMeTpiB TokcuuHuX ras3iB: SOz, NOy, CO.
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Bracnimok yTBOpeHHS TOpPIBHSHO CTIMKOi CIIONyKH YagHOTO Tazy 3
reMoriIo0iHOM — KapOoreMoriao0iHy, KpOB BTpadae 3AaTHICTh MepeaaBaTh KUCEHb
TKaHUHAM OpraHi3My i pO3BHBA€ThCS Timokcis. KpiM XxapakTepHUX ypaXeHb KPOBi
Ta KPOBOTBOPHHUX OPTaHiB, MPH IIbOMY TaKOXK CHOCTEPITarOThCS po3naan QyHKITIH
HEPBOBOI CHCTEMH, YPKEHHS TIEUIHKN Ta OPTaHiB BHYTPIITHBOI CEKpPeTIii.

Hocnimxenns 2014 poky mokasand, 1o BHacHimok ooOcrpimiB M. Illacts B
JIyrancekiii oOmacti BMiCT HeOe3MEYHMX PEYOBHH B IOBITPI B JEKibKa pa3iB
MIEPEBUIIUB X TPaHWYHO IOITyCTHMi KOHIIEHTpallii. 30KpeMa, TIOKCHIy CIpKH i
HiTporeHy — B 5—8 paszis [1].

3rigno 3 nanumu LI'O im. b. CpesneBcrkoro mo M. KueBy, 6 uepBHs 2022 poky
3arajJpHUN  piBeHb 3a0pymaHeHHS TOBITpsA B JlapHuiekoMmy paiioni Kwuepa
nmigBuImBes. 3adikcoBaHO 3Ha4YHE 3pocTaHHs BMicTy NO2 Ta MiBUINEHHS BMICTY
TIOKCHAY CIpKH, IO MOKHA MOSICHUTH 0O0CTpilaMH O IIOCTii paHKy apHHIIEKOTO
paiiony micra [2].

TakuM YuHOM, BHHHKIIA HEOOXiJHICTH BH3HAUEHHS BIUIUBY BOEHHUX Mdi Ha
YacTOTY Ta KUIbKICTh BHIAJiHHS KHUCJIOTHHX OMAaJiB 1 IX BIUIUBY Ha HABKOJUIIIHE
CEPEeIOBHIIE Ta 37JOPOB’ S HACEIIEHHS.

IMocTanoBka npod.iemMu

AHami3 3a0pynHeHHS aTMOChEepHHX OMaaiB JOMIMIKAMH Ta BIUIMB IIHOTO
3a0pyIHCHHS MMPOBOJMBCS HU3KOK BITUM3HSHUX Ta IHO3EMHHX JOCHTIIHUKIB. Tak,
JOCTITHUKH Y poOOTi [3] Ha mincTaBi BUOpaHOT Mepexi AUITHOK Ha miBHOYI KuTaro
JIOBEITH, IO 13 3arajibHOi KiJTbKOCTI omafiB 28% mnpunanano Ha kucioTHi 3 pH < 5,6.
3 1MX KUCIOTHUX NPod 53% BUABMIMCS CHIIBHOKHCIMMHU 31 3Ha4eHHSAM pH Hmkue
5,0, 110 BKa3ye HA 3HAYHO BUCOKHUH PIBEHb IX MiAKUCICHHS. BibIIiCTh KUCIIOTHOCTI
omajis ooymosiaeHa HpSO4s 1 HNOs, iX BiIHOCHMI BHECOK CTaHOBUTH 72% 1 28%
BiAmoBigHO. B poGori [4] anaii3 3BOpOTHOI TpaekTopii MOKa3as, M0 HA XiMiYHHUI
ckian gomoBoi Boau B CiaHi BIUIMBAaKOTh MICIEBI JpKepenaa 3a0pyJHEHHS Ta
IPYHTOBHMI MWJ Yy MICIEBUX 1 BiIJajiecHuX paiioHax. Benuki HaIXxomKeHHS
I'PYHTOBOI'O IIMJTy T CIAJIOBAHHS BYTiIIS B3UMKY TA HABECHI MPU3BEIH [0 BULIHX
3HaYeHbh OCHOBHUX 10HIB Ta 3Ha4eHb pH y Cyxi ce30HH, Hi’K Y BOJIOT1 Ce30HH. AHaJI3
OCHOBHHUX (DAKTOPIB, KOPENIALIMHMI aHaII3 1 PO3IMOALI JKepen nokaszamu, mo SO4>
i NOs~ Oynu 3 anrtpororeHHux Jpkepei. Bucoki konuentpauii SO42 i NOsz
y JOUIOBIM BOJI BKa3yloTh Ha Te, mo CiaHp CHIBHO 3a0pyJHEHHil Ta moTpedye
MOKPAIIIEHHsI SKOCTI TMOBITPSl MUIIXOM CKOPOUYEHHSI BUKHUJIIB TBEPAUX YACTHHOK i
BHUKOITHOTO TIAJIMBa Ta BUKHUIB TPAHCIOPTHUX 3aco0iB. ABTopu pobotu [5] Ha
OCHOBI KOpEJSIIIHOro aHami3y HaTYypHUX BHMIpPIOBaHb JIOBENH, IO HaAMipHHUN
BUKHUJI CIpKH OyB OCHOBHOIO NMPHYMHOIO KHCJIOTHOCTI onajiB y Banpwkoy (KHP),
Tomi sk y 2000-x pokax y BaHbWKOY CHOCTEpIrajioch MOCHJICHHS BHECKY a30THOI
KHCJIOTH B KUCJIOTHICTH OTAMiB.

B pobotax [6, 7] aBTOpH Ha OCHOBI €KCIIEPUMEHTAIILHUX JOCHIPKEHb Ta aHAIIIZY
JTAHUX MOHITOPUHTOBHX CIIOCTEPEKEHb 3a 3a0pyJHEHHSIM aTMOC(HEPHOTO MOBITPS
MICTa JIOKQIbHUMH OCEpeIKaMH 3a0pyIHEeHHs MW 10 BHCHOBKY iX
B3a€MO3B'S3KY 3 (POPMYBAaHHAM XiMIUYHOTO CKJIaLy onaiiB. MiKpoeileMeHTHUH CKIIaj
OMaJiB Ta pe3ybTaTH MATEMATUYHOIO MOJENIOBAHHS IIOKAa3yIOTh BIUIUB BUKUIB
MIPOMHUCIIOBUAX TIANPUEMCTB Ha BUMAMIHHSI KHUCIOTHUX OIIJiB Ha TEPHUTOPISX,
MPWIETIIUX 10 TIOTSHIIMHO Hebe3meuHux 00'ekTiB. OIliHKA B3aEMO3B'SI3KY MiK
OKPEMUMH KOMITOHEHTaMH 3a0pyIHEHHS aTMOC(HEpHOro MOBITPsI, MOKa3HUKOM pH
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Ta TEeMIIEpaTypHUMH yMOBaMH Ha OCHOBI aHaJi3y MOHITOPHHTOBUX JaHUX
0araTopiuHUX CIIOCTEPEKEHb JIOCUTH JETATHHO PO3MIIsHYTa B pobortax [8, 9].
JocmipkeHHsT JaHUX aBTOPIB CBig4aTh PO 30CpeKEHHS TEHICHIT 3MiHU
rokaszauka pH B po3pizi 2013-2017 pokiB mis M. KreBa B Oik 3pOCTaHHS KHCITHX
omaniB. [{ukmivyHa, ce30HHA Ta BUMIAAKOBA KOMIIOHEHTH psiny pH 30epirarots cBiit
Xapakrtep mpakTuyHo 6e3 3MiH. [1laxu nepeHeceHb Ta MepeTBOPEHb NPUPOIHHUX
Ta aHTPONOTCHHHX eMiciii B aTMocdepi CKIAmaroThCs 3 30HW OCAIDKEHHS IPH
METEe0yMOBax HECTaOUIbHHX 3a TOKa3HWKOM TypOYyJIEHTHOCTI aTtMocdepu Ta
rpaJi€eHTa po3MOAIIEHHS TEMIIEpaTypH Mo BHUCOTi. EMiciio B 30HYy migxmapHOTo
BUMHBAHHS ONaJlaMH Ta EMICi0 B XMapUHHHUH TTOKPUB MOXHA OMUCATH PiBHIHHAMH
TypOyJIEHTHOTO TETIOMaCOIepeHOCy MpH BiAmoBiqHUX MeTeoymoBax [10]. Ewmicii
M0 WX [UIAXaX 3YMOBIIOIOTH MOJaNblle 3a0pyJHEHHS Ta 3aKUCIEHHS XMap,
3 SIKUX, HAPEIITI, Bi0OYBA€ThCS BUMAAIHHS ONAAiB, SKi 4YaCTO MalOTh MOHMKCHUN
noka3Huk pH.

HaBeneni mocmimkeHHS cTOCyBaiucs, B OCHOBHOMY, (hOpMyBaHHS BHKHIIB
MPOMHUCIIOBUX MIANPUEMCTB Ta ypOaHizoBaHUX TepuTopiil. [Ipobnema dpopmyBaHHS
KHCIIOTHUX OMafiB B arMochepHOMy TOBiTpi 3emIri BiJ HACIIOKIB BOEHHUX il €
AKTyaJIbHOK T4 MAaJIOBUBYCHOIO HAa CHOTOMHIIIHIN JeHb, SK TEOPETHYHO, TaK i
excrepuMeHTanbHo. OTXe, BHACHIZIOK BOEHHOI pociiickkoi arpecii anst YkpaiHu
MOCTa€ aKTyaJibHE MTUTAHHS BUBUEHHS HACJIiJKIB BIUIMBY BOEHHUX NI HA JOBKIJLISA
i opra”iaM moguHH. 30KpeMa, BUBYCHHS (OPMYBAHHA KHUCIOTHHX OIAJliB B
aTMocdepi, BpaXxoByIOUH BEJIUKY KUIbKICTh MOCTIMHUX apTHIIEPIHCBKUX OOCTpiIiB
Ta 3acToCcyBaHHA BHOyXiBkM. OcCOOJIMBY yBary CiiJi 3BEpHYTH Ha HpoOjIeMy
MepeMileHHs 3'€JHaHbh CIpKH B aTMOCGEpHOMY IIOBITPI Ha BENHKi BiacTaHi
(mo 1000 kM) Bif jmKepena, OCKUTBKY KUCIOTHI JIOMT, 0 YTBOPIOIOTHCS BHACIIIOK
BUOYXY Ta MPOXO/PKEHHS BIIMOBITHUX PeakIiii B aTMocdepi, MOXKYTh BUTIAJIATH HE
TIJIBKH Ha MPUJIETIIMX O BUOYXY, a i Ha BiJIaJICHUX TEPUTOPISX.

OmiHka Ta MPOTHO3YBAaHHS BIUIMBY apTWIEPIMCBKUX OOCTpiNiB Ha cTaH
aTMOC(EPHOrO MOBITPS 3 OJANBIITNM BIUTMBOM Ha 3JI0POB’ s HACEJICHHS Ha ChOTOJIHI
Maiibke He TIPOBOJMIMCH Ta TOTPEOYIOTh CTBOPEHHS MPAKTUYHOI Ta JIEBOI Teopii
NEPETBOPEHHSI B KHUCJIOTH BHOYXOBHX BHKHIIB 3 BUBUCHHSM iX MOIAJIBIIOTO
BUIIAJiHHS, SIK Ha TEPUTOPIl MicTa BUOYXY, TaK 1 32 HOTO MEXKaMH.

Meta maHOl poOOTH TOJSra€ B CTBOPEHHI MaTEeMAaTHYHOI MOJE MPOIIECIB
(opMyBaHHS KHCIOTHUX OMNAJiB Ta iX BHIAJAHHS HA TEPHTOPISX, IO MPHUIATAIOTH
70 30HH apTHJIEPIHCbKUX OOCTpiNiB, SKa BPaxOBYye€ IBOBHMIpHE TEIJIO- Ta
MacOIEePEHECEeHHs, KIHETHUKY MPOLIECY KOHICHCAIl, Au(y31F0 Ta KOHBEKIIIO Mapu
OKCH/IIB CIPKH.

BukJiaJ 0CHOBHOT0 MaTepiaJy 10C/IiTKeHb

JocnipkeHHsT OCHOBHHMX 3aKOHOMIPHOCTEH Mpolecy KOHAEHcamlii CcipyaHoro
aHriapuay ta GopMyBaHHs YaCTHHOK, 3JaTHUX JAOCITaTH MOBEPXHi 3eMIli B poueci
CeIMMEHTAIIi1, TPOBOIMJIOCS 3aJICKHO BiJ (haKTOPIB Ta YMOB:

— TIOYAaTKOBOi TeMIepaTypu Ta KOHIICHTpaIlil 3'€JIHaHb, IO YTBOPIOIOTHCS B
MOBITPi pu BUOYXY;

— TIOpH POKY;

— PpO3MIpIB siIep KOHACHCAIIII;

— IIBHAKOCTI BITPY.
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[locranoBka 3amaui (OpMyBaHHS KHCIHX OTaiB B aTMOC(HEpPHOMY IMOBITpI
MPWIETJINX A0 Miclsl BHOYXY TEPUTOPid (POPMYIIOETHCS HACTYTHUM YHHOM:

— 32 OCHOBHY KHCIIOTOYTBOPIOIOUY PEUOBHHY NPHUHMAETHCS CIpYaHUI aHT1IpH]I,
SIK O/IHA 3 HAHO1JbII HEOE3MEYHUX 1 TOKCHYHHUX CIIONYK MPOAYKTIB BUOYXY;

— Tpollec PO3CilOBaHHS B arMoc(epi MPOAYKTIB 3TOPSIHHS 3IiHCHIOETHCS 3a
Oe3nocepeHbOi B3aEMOAII X 3 TOBITPAM; IPH [HOMY BHKOPHUCTOBYIOTHCA
koedimieaTnn OiHapHOi mudy3ii A Ccymimi «moBiTpS — 3a0pyAHIOBabHA
peYOBHHAY;

— 3ajaya BHPIMIYEThCS y ACKAPTOBIH CUCTEMi KOOPIUHAT.

Cipuannii anrigpun SOs” yTBOPIOETHCS MPU OKHUCIEHHI CIPYUCTOTO aHTiAPHUIY.
KinmeBuM npoaykToM peakiii € aepo30i1b a00 pO34HH CipyaHOi KUCIOTH B IOIIOBi i
BOJi, IO MiJKUCISE TPYHT, CIOPUYMHSE 3arOCTPEHHsS 3aXBOPIOBAHb IUXaIbHUX
NUIAXIB JIOAWHUA. BUINanaHHS aepo30Ji0 CipuyaHOi KHUCIIOTH BiJA3HAYAETHCS INPU
HU3bKiil XMapHOCTI i BUCOKIiil BOJIOTOCTI MOBITPSL.

MexaHi3M yTBOpEHHS CipuaHOi KUCIIOTH, MpH SKOMY cipuaHuid aHriapun SO03
MOTJIMHAETHCS BOASHOIO MApOI0, XapaKTEPU3YETHCS PiBHSHHSM:

SO5 + H,0 - H,S0, + Q . 1)

Peakmiss (1) BimOyBaeThcs MPAKTHYHO MHUTTEBO Ta B CYKYIHOCTI 3
METEOPOJIOTIYHUMH YMOBAaMH BU3HAYa€ IHTEHCHBHICTh BUNIAAIHHS Kpareilb KUCIOTH
mo0au3y BUOYXY.

Ilix wac po3poOku MaTeMaTHYHOI MojeNi OyAeMO BpaxOBYBaTH HACTYITHI
MPOLIECH:

1) mepeHeceHHs ra30moAiOHUX MPOAYKTIB BHOYXY;

2) 3MiHYy XiMI9HOTO CKJIay TIOBITPSIHOTO TIOTOKY;

3) KOHBEKTUBHHH TEIJIOOOMIH YaCTHHKH CipuyaHOl KHCJIOTH i3 3OBHIIIHIM
CEepEIOBUIIEM.

OCHOBHI ITPHITYIIIECHHS:

1) He BpaxoBYy€ThCsI BUMIAPOBYBaHHS Kparlli y MpoIeci pyxy;

2) He OepeThcs 10 yBaru BIUIMB COHSYHOI pajialtii;

3) s1po KoHAEHcallii MpUAManocs y BUMIISI KyOy;

4) xparis cipyaHol KHCJIOTH, IO YTBOpWIJIACs TPH KOHJEHcamii mpu pyci He
nehopMy€EThCS;

5) He BpaxOBYETHCS PaJlialliifHAN TETTIOOOMIH 13 30BHIIITHIM CEpPEIOBUIIIEM;

6) MpUIMAETHCS, IO HA YACTHHKY JIIOTh CHJIM TSDKIHHS Ta OTIOPY MOBITPSIHOTO
Cepe/IoBHIIIA.

[Iponiec posciroBanHs B aTMocdepi TUMOBOro Qaxeny BHOyXy, IO MICTUTbH
MIPOTYKTH 3rOPsIHHSL, 311HCHIOETRCS 3a Oe3MmocepeHbOI B3aEMOJIIT 1X 13 moBiTpsM. Lle
JI03BOJISIE BAKOPUCTOBYBATH KoedilieHTH OiHapHOi qudy3ii st cyMimni «moBiTpst —
3a0pyIHIOBAJIbHA PEYOBHHAY.

CxeMy 10 TOCTAaHOBKH 3aJ1adi B IOYATKOBHH MOMEHT Yacy HaBeJICHO Ha puc. 1.

KonzeHcallis CipyaHOro aHTiIpuy BiOYBAEThCS 31 3MIHHOIO Y Yaci HIBUKICTIO,
BEJIMYMHA SKOI 3JIeKUTH Bijl TEMIIEpaTypy OBEPXHI YACTKH, 10 3MiHIOETHCS B 4aci.
JHana 3agaya 3BOIMTBCA N0 PilIEHHS HAaBEIACHOI HIKYE CUCTEMH Oe3pO3MIipHHX
HeCTallloOHapHUX AudepeHIliabHUX PIBHIHD Y HaOIMKeHHI BycuHecka 31 3MiHHUMH
«BHUXOp IIBUAKOCTI — (YHKLISA CTpyMy — TeMIeparypa — KOHIEHTpauis» i3
BiJNIOBIJTHIMH MOYAaTKOBUMH Ta TPAHUYHUMH YMOBAaMHU.
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Puc. 1. Cxema nocraHoBku 3anadi: 1 — cToBn BUOYXY; 2 — HAaNpsIMOK pyXy BHOYXOBHX
rasiB; 3 — yMOBHE JIOKaJIbHE JDKEPEJIO BUKHUIIB IPH PO3MOBCIOKEHHI B aTMochepi

PiBHSIHHSI pyXy YaCTKH B HaNpaBJIeHHI JIEKapTOBUX KOOPIUHAT X i Y BiJIMOBITHO
MAa€ BUTIISA

av 3:Cpp-|Vx-U|?
x _ _3CpplVx-Ul . 8)
dt 8:5g
avy _ 3-Cpp|Vyl?
dr 1 85g ' (9)

[To3HaueHHS B JaHUX PIBHAHHAX:

T — 4vac; © — temneparypa; Cz i C4 — KOHIIEHTpaIlll CIpYaHOro aHTIAPHIY Ta
BOAsiHOT mapu BimnosimHo, ¥ — dyHKIis ToKy;  — Buxop mBuakocti; U, V —
HIBUJIKOCTI PyXy ra3oBoi xmapu HanpsiMky X i Y BiamoBiguo; Vy i Vy — mBHIKOCTI
4acTKH B HanpsIMKy X 1Y BianoBigHo; Re — uuncio Petinonbca; Pr — uncio [Ipanms;
Sc¢ — uucno lIminra; Fo — uncno dyp’e; p = pi/p2 — BiIHOCHA TYCTHHA; § —
0e3po3MipHHI aHAJIOT MPHUCKOpPeHHS BibHOro naainHsg; Cp — KoedilieHT omopy;
Q — temosuit epext peaxuii kJlx/kr; WK — macoBa mMBHIAKICTH KOHIEHCALi
cip4aHOro aHriapuay i BoasHoi mapu Kr/(M3*c); 8, — reOMETpUYHMI PO3Mip Aapa
koHzeHcauii, M; C, — nmutoma tertoeMHicte J[x/(kr-K); Uo — mBuAKicTh BiTpy
30BHIIIHBOT'O CEPEIOBHIIIA, M/C.
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[IBumKkicTh KOHAEHCAIIT po3paxyeMo 3a (hopMyIIoro:

2mRT !
N M

ne Pa — atmocheprwuii tuck, Ila; P, — mpenekcnonent, Ila; E — enepris aktuBaitii
nporecy koHneHcarii, Jx/kr; R — yHiBepcanbHa ra3osa crana, Jx/(monb-K); M —
MOJIIpHAa Maca, Kr/Moib; B — koedimieHT KoHAeHcamii; T — TemmepaTypa cymirmri
rasis, K.

IMouaTtkoBi ymMoBH piBHsHB (2)—(9):

wh=p (10)

Q(X,Y,0)=0, V; (X,Y,0)=0;
P(X,Y,0)=0, Vy (X,Y,0)=0;
@(X,Y,0)=0, U (X,Y,0)=0;
C(X,Y,0)=0, V(X,Y,0)=0. (11)

I'panuuni ymoBH piBHSHB (2)—(9) 3amuiIyThest y BUTIISIL:

X=00<Y<6;:2=0¥=00=0 (12)
axaw ovY
X=0,8<Y<SHO=0,2=U"=-V,0=0 (13)

801 _ 1,00, | QW8
ax ~ Ay 0X AT-24

161 = 91'

X =68,,0<Y <y 14
: " e s 0 s (14
X Dp
_ 9=@. 291 _n9% _,00
X=LO0<Y<H0=0 22=02=02 (15)
Y=00<X<8:2=0,=0¥=00=0 (16)
v ovY
Y:O,80SXSL:®=®1,C3=C0,a_y=U,,a_X=_V (17)
Y=8,0 X< O A (18)
3 =70 OI\I—’:Q:O
X Dp
_ Q=0 26 _go¥_,00_
Y=H0<X<L:0=02=02=02=0. (19)

Jis BupillIeHHS I1i€] CHUCTEMU 3aCTOCOBYETHCS METOJ KIHIEBUX PI3HHUIb.
CucrteMa BHPIIIYETHCS YHUCENBHUM CIIOCOOOM. AJie AJisi MEPLIOro HAONIKEHHS 3
JeSIKUMH TIPUITYIICHHSME Ta y3aralbHeHHSIMH MOXKHA BUKOPUCTATH aHANITHYHUH
MeTo, sk HaBeneHo B [11]. TTopiBHAHHS 060X METO/IIB JIJIs BUPIIIIEHHS 3aa4i 11010
TEIUIOBUX BUKHJIB 3 BUCOKOI'O /PKEPENa TEIIOCIEKTPOCTAHII] HABEJEHO aBTOPaMH
JociipKeHb poooTH [12], 1 us po30ixHICTE cKiagae B cepeaAnbomy 21%.

Tak, po3paxyHOK BUOYXY ITPH HEUTPAIBHUX YMOBaxX aTMOChepH, 3p0o0IeHu 11
oKpeMoi Kpuiatoi paketu tuny «Kamiop», sika mae ctaptoBy Macy 1400 kr, 60iioBY
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gacTuHy Macoro 450 Kr, AiaMeTp BOPOHKH BiJl OKPEMOT0 BHOYXY, BHACIIOK SKOTO
YTBOPIOEThCA KOHBEKTUBHHUH CTpyMiHb Haj 3emiieto H = 10 M 3 BHCOTOIO OIU3BKO
3H npu HeiliTpanbHUX yMmoBax arMmocepd, TOKazaB, IO MaKCHMallbHa
KOHIIEHTpAIlisl CIpYMCTOTO aHTiAPUAY 3HaXOoAWThCsA Ha Bimcrani 500 M Bim Micid
BHOyXy i B 1,9 pa3a nepesuntye nopmarusHy (0,95 mr/me).

[Ipu HeliTpanbHUX yMoBax atMocdepu A BU3HaueHHs KoHueHTpauii SOz y
BEepXHil dacTWHI 3a0pyIHEHOTO CTpyMEHS MOXXHa BHKOPHUCTATH TEOPIIO
KOHBEKTHBHOT'O CTPYMEHSI 3 TEIUIOr0 JDKepelia B HABKOJMIIHE cepenoBuiie. [Ipu
IOMY HAaMH BU3HAYAJIACS NIBHJKICTh TEIIOTO MOBITPSI, SIKE 311HMA€ETHCS BrOPY HAJT
IIoIIel0 BUOYXY, cepelHsl TeMIlepaTypa B MepexiJHOMY Mepepi3i KOHBEKTHBHOTO
CTpyMeHsI, BUTpaTa 3a0pyAHEHOTO TMOBITPS Y BEpXHii dacTuHi cTtpymens. Jlanuit
ITiIX1]T TO3BOJISIE BU3HAYATH 30HH BILUTUBY OKPEMHX PEYOBHH Ta iX pO3CIIOBaHHS Bif
MicCllsl BUOYXY.

BucnoBku

[MocranoBka 3amaui (opMyBaHHA KHCIMX OMNaAiB B arMocepHOMy MOBITpi
BHACHIZIOK OKPEeMOT0 BHOYXY (OPMYIIOETHCS MAaTEMaTHYHOK MOJEIUTI0, sKa
BpaxoBY€ eMicito 3a0pyTHEHb B 30HY IMiJXMapHOTO BUMHUBAHHS, KIHETHKY MPOIIECY
KOHJICHcaIlii, Tu(y3it0 Ta KOHBEKIIO ITApU OKCUIIB CIPKH.

Pimenns nmanHoi 3amadyi MOKHA OTpPUMATH 3aBISKM HaBEICHIN cucTemi
0e3po3MIpHIX HECTaliOHApHUX TU(EPEHIliaNbHAX pIBHAHD Yy HaONMIMKEHHI
Bycunecka 31 3MiHHUMH «BUXOp MIBHAKOCTI — (QDYHKIIS CTPyMy — TeMIlepatypa —
KOHIIEHTpAIIis» 13 BIIMOBIIHUMHU MIOYaTKOBUMH Ta TPAHUYHUMHU YMOBaMH.

JInst HeWTpambHUX YMOB aTMOC(hepH po3CiFoBaHHS CipYMCTOTO aHT1IPUIY MOXKHA
OTPUMATH CIPOLICHUM pIIICHHSAM, BHUKOPHUCTOBYIOUH TEOPIF0 KOHBEKTHBHOTO
CTpYMEHS 3 TEIUIOrO JPKEpeia B HABKOJUIIHE CEPEIOBHIIE Ta BiJIOMY METOJHKY
II0/I0 TIPOTHO3YBAHHS METEOPOJIOTIYHUX YMOB (POpMYBaHHS PiBHIB 3a0pyJHEHHS
MOBITPs B MicTax YKpaiHu.

3anpornoHoBaHa MaTeMaTHYHa MOJIeNTb MOKe OyTH BUKOPUCTaHA JUIS TIPOTHO3Y
MO>KJIMBOTO BHITQIaHHS KUCJIOTHHUX OIa/IiB HA MPWJIETINX J0 MOOJIUHOKUX BUOYXIB
TEPUTOPISIX, TAM CAMUM JIO3BOJIHMTH 3pOOUTH MPOTHO3 3MiH €KOJIOTIYHOTO PH3UKY
BHACITiZIOK BOEHHUX JIi{ ISl TOBKUJIJIS Ta HACEICHHS Ta BU3HAYWTH 30HU BILUIHBY Ta
PO3CitOBaHHS BiJl Micllsl BHOYXY.
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ANALYSIS OF CONCENTRATIONS OF BIOGENIC COMPOUNDS
DISCHARGED INTO WATER BODIES WITH
MUNICIPAL WASTEWATER

Abstract. There were analyzed the effect of increased concentration of biogenic
elements, as well as increased temperature on the frequency and magnitude of
cyanobacteria reproduction. The goal was to identify the main causes of poor water
quality in surface water bodies of Ukraine compared to European countries, as well
as the impact of municipal wastewater entering water bodies on the quality of water
in them. It is shown that pollution with biogenic elements (compounds of nitrogen
and phosphorus) is one of the main reasons for unsatisfactory water quality in water
bodies. This, in turn, is the cause of a number of such problems as the change in
biological diversity and productivity of water bodies due to the eutrophication of
freshwater and marine ecosystems, and the spread of diseases associated with
unsatisfactory drinking water quality. One of the main sources of biogenic elements
entering surface water bodies is municipal wastewater. Long-term observations of
the composition of wastewater from municipal sewage systems indicate that the
concentration of biogenic elements in them can be different. It largely depends on
the sources of the effluents. In the total amount of nitrogen and phosphorus
compounds entering the wastewater, a significant place is occupied by the economic
activity of the inhabitants of the residential areas. Experience shows that, regardless
of the level of water supply, the total mass of biogens entering the sewage systems
from one inhabitant over a certain period of time is constant. However, taking into
account the fact that the water availability for residents is different, the
concentration of biogens in wastewater will also be different due to different
dilutions. The calculation shows that for the entire possible range of water
consumption levels (from 100 to 285 l/day per inhabitant according to the
standards), the concentration of biogenic elements in wastewater can be: total
nitrogen — from 38.6 to 110 mg/l; ammonium nitrogen — from 36.1 to 102.8 mg/l;
nitrites — from 2.35 to 6.74 mg/l; nitrates — from 43.27 to 123.67 mg/l; total
phosphorus — from 6.31 to 18 mg/l; phosphates — from 15.49 to 44.17 mg/l; organic
phosphorus — from 1.26 to 3.60 mg/I.
Keywords: contamination; biogenic elements; eutrophication; water supply; water
quality

DOI: https://doi.org/10.32347/2411-4049.2022.4.15-29

© S. Shamanskyi, L. Pavliukh, O. Horbachova, V. Repeta, 2022

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npupogokopuctysanss, Ne 4 (44), 2022


https://orcid.org/0000-0002-5615-7889

Introduction

The anthropogenic and technogenic load on the environment in Ukraine is several
times higher than the corresponding indicators of developed countries.

Usable water resources have been significantly reduced due to pollution and
depletion. Almost all sources of surface and underground water are polluted [1].

The current unsatisfactory state of water bodies shows that problems in the sphere
of water protection against pollution and depletion, not only were they not found
solution, but also significantly aggravated, especially in recent years. The main
reason for this state of surface water bodies, which are sources of drinking water
supply, there is the discharge of insufficiently treated household wastewater [2].

That is why it is important and urgent to search for new promising wastewater
treatment technologies that will not only provide the necessary degree of purification
but also be harmless to the environment.

In recent decades, numerous water bodies worldwide have shifted from an aquatic
vegetation-dominated clear state to a phytoplankton-dominated turbid state. Water
transparency has greatly reduced during this process, and the landscape and drinking
water values of affected lakes have sharply decreased. Although many studies have
been conducted on this topic, the primary factors that promote phytoplankton
development remain debated and require further elucidation [3]. Nevertheless, it is
commonly assumed that eutrophication and climate change associated with
anthropogenic activities are major threats to water ecosystems and are the main
factors driving phytoplankton development (e.g., cyanobacterial blooms).
Regulation of the content of biogenic elements only recently gained wide publicity
due to the sharp deterioration of the condition of water bodies, and their
eutrophication. In the case of the arrival of nutrients (biogenic elements) together
with sewage, the rate of photosynthesis processes sharply increases, leading to the
rapid development of algae in water [4, 5].

Numerous studies have often emphasized that hazardous and harmful
substances such as heavy metals, PAHs, PCBs, and pesticides have direct toxic,
mutagenic or carcinogenic effects on aguatic ecosystems, and on humans residing
within the vicinity. In addition, the quality of surface water can also be
compromised by increased nutrient concentrations, primarily nitrogen (N) and/or
phosphorus (P) compounds. Problems resulting from nutrient excess can be
especially profound in lakes, water accumulations or shallow and slow-flowing
lowland water courses. As a result, most of these aquatic ecosystems worldwide
suffer from eutrophication, which is mainly caused by (i) the overloading of
nutrients from agroecosystems and (ii) the discharge of untreated industrial or
municipal wastewaters. Eutrophication as a biological response of an aquatic
system to excessive nutrient(s) input results in many adverse effects related to
degradation of water quality and its limited use in industry and agriculture. The
consequences of eutrophication on aquatic ecosystems are well known and
documented in numerous studies. The most profound are water and environmental
guality degradation, algal blooms, reduced water clarity, oxygen depletion,
alteration of taste and odor, fish deaths, loss of biodiversity including ecosystem
services and negative impacts on human health [6].

In Ukraine, all thought was put together for a significant silting of the waters with
diffuse sources. The strongest development of lands is overtaking 70% and for the
FAOQ grants it is one of the most important light, but the need for intensification of
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vibration stimulating producers to a great stagnation quantity of mineral additives.
People faced a serious challenge wiping between the viability of food products and
the fermentation of waters [7].

Purpose and methods

Rivers, being a natural interface between watersheds and the seas, are a medium that
transports both substances of natural origin and pollutant loads from anthropogenic
sources. Among various human activities within their watersheds, urban areas are
reported to have the most consistent and ubiquitous effects on surface water quality,
habitat alteration and reduction in biodiversity due to both the significant load of
pollutants from point and non-point sources and the increased impervious surface
cover. Direct runoff from urbanized surfaces and sewage discharges not connected
to a wastewater treatment plant (WWTP) has emerged as a serious threat, not only
to the ecological values of water ecosystems but also to the provision of good quality
water required for all socio-economic functions [10].

Water quality is affected by both point and nonpoint sources of pollution in rural
and urban areas (Table 1). Some of these sources include sewage discharge,
industrial discharge and agricultural run-off [11].

Previous studies have revealed the interactive effects of increased nutrient
concentrations and warming in promoting the frequency and magnitude of
cyanobacterial blooms [1-7].

The purpose of this article was:

* to reveal the main reasons poor water quality in Ukraine in comparison with
European countries;

* to calculate the concentrations of nitrogen and phosphorus compounds in the
case of average and total water consumption by a person for a year.

The following research methods were used: mathematical methods and
formalization, comparison and analogy, analysis and synthesis.

The main research

Wastewater is water that has been used by humans for their domestic or
technological needs and is different in physical and chemical properties, the content
of pollutants and origin. When various pollutants enter the water, its physical and
chemical properties change [8, 9].

Table 1. The main pollutants of water contamination

The main | Examples The impact of pollutants

pollutants

Petroleum Oil, gas, Petroleum products fall into water facilities from industrial
products kerosene | enterprises, with wastewater from roads, or due to accidents

at oil production stations. When inserting into the aqueous
object, oil forms a multi-kilometer film, which gradually kills
the marine inhabitants, destroys the condition of the soil and
gas exchange in water, destroys the structure of biocenoses.
Finding on the body of the animal, oil hinders the regulation
of heat exchange, causes irritation of the mucous membrane
and poisoning, failure of the internal organs.
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The main | Examples | The impact of pollutants

pollutants

Household | Ammonia, | Every day we use washing powders, detergents, shampoos,
waste nitrates, and other hygiene products, sewage that are rich in nitrogen
phosphates, | and phosphorus. Nitrogen and phosphorus are complexly
nitrites cleaned compounds that require high costs, which, when
entering the aqueous objects, affect the increase in the
amount of plankton and algae, which leads to flowering and
stress water. As a result, the balance of water saturation with
oxygen, the permeability of the sun rays and also means the

death of many living organisms.
Organic Pillows, In water, the formation of methane is noticeable by gas
waste filtrates, bubbles rising to the surface. Depending on the place of
leaves, origin, we can talk about marsh, putrid, landfill, sewage gas,
food, ets sewage gas, or, as they are called in agriculture, biogas [12].
Heavy Iron, Heavy metals fall water as a result of plots from industrial

metals manganese, | enterprises, wastewater from roads (exhaust gases). Heavy
lead, zinc, | metals are accumulated in the body, are toxicants, and cause
mercury a number of diseases of the nervous system, a digestive tract,
with a reproductive system, cardiovascular diseases, renal
and pulmonary failure.

Plastic Microplastic | The main sources of microplastics are washing synthetic
clothes, roads, and cars, hygiene supplies (for an abrasive
effect, plastic granules are added to toothpaste, creams,
cosmetic powders, etc.), paint, household plastic waste,
wearing synthetic clothes. Plastic tends to accumulate toxic
substances that lead to cancer, leads to endocrine system
disorders, obesity, problems of the reproductive organs,
hormonal changes, asthma, and other dangerous diseases.

Pesticides Carbon Pesticides fall into the water as a result of the treatment of
trioxide, fields from pests, such as rodents, fungi, insects. Finding into
nitrogen the soil, many pesticides reach superficial waters that are a
fertilizers | source of drinking water in many countries. Finding into the
human body poisoning it, causing neurological and
reproductive problems, poisoning, diabetes, and in large
quantities lead to death.

In Ukraine, there is a trend of increasing the share of the urban population and
increasing the area of cities. As a result, the impact on the indicators of the quality
of natural water resources also changes.

European countries are proud that their population can drink water straight from
the tap. In Ukraine, the situation is the opposite: tap water is saturated with salts,
iron, manganese, chlorine and its derivatives, and much more.

In general, the number of non-standard samples — indicators that do not meet the
requirements of standards — reaches 80-90% in Ukrainian tap water. why the quality
of drinking water in Ukraine is much worse than in European countries? Among the
reasons are the following (Table 2):
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Table 2. Reasons of poor water quality

Firstly Domestic regulations — hygienic requirements for drinking water — order
water to be tested for 86 pollutants. At the same time, the directive of the
European Parliament on the quality of drinking water regulates the content of
100 such pollutants.

Secondly | Ukraine mostly uses surface water, while in the West, water is most often
taken from underground sources, "after it has undergone at least some natural
filtration"

Thirdly | Europe went even further and introduced the so-called indicator parameters —
microbiological, chemical, physical indicators of quality, not related to
harmful effects on the health of consumers, which demonstrate how useful
and tasty the water itself is. While in Ukraine, they focus primarily on general
safety when drinking water: its microbiological and chemical data, while there
is no list of "indicator indicators".

Every year, the dynamics of the deterioration of the state of natural water systems
increases, and the cleaning properties of reservoirs are no longer able to
independently cope with the amount and concentrations of pollutants that enter them
as a result of human activity. Urban sprawl, population growth, industrial
development, and human use of new persistent and complex chemical compounds
in everyday life lead to the fact that fewer and fewer treatment plants are able to treat
the wastewater that enters them. Outdated technologies and equipment are no longer
able to cope with the load of wastewater and concentrations of pollutants, as a result,
untreated wastewater enters the channels of rivers, lakes and other water bodies.

At the same time each of the European countries introduces its own innovations.
Thus, reverse osmosis systems for river water are widely used in France. And in the
capital of Germany, the Berlin water utility covers a fifth of the need for electricity
due to its independent production with the help of solar panels, wind farms, and
biogas plants. Whereas in Ukraine, most of the expenses of water utilities are
electricity — up to 60% with the new tariffs.

Domestic wastewater treatment in Ukraine and other countries of the world
showed on figure 1 [13].

Ukraine
Romania
Poland
Hungary
USA
France
Italy

Germany

United Kingdom

0

X

20% 40% 60% 80% 100%

Figure 1. Domestic wastewater treatment in countries
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The most contaminated Dnieper influx is the place of resetting the "purified”
wastewater after the Bortnytska Aeration Station. Thanks to scientific research,
monitoring, and self-identity items, there is a site that shows various types and levels
of water pollution, in which we have the ability to analyze the state of the river, which
is the main source of fresh drinking water in the capital. The change of ammonia ions
in the water dump channel of Bortnytska Aeration Station is shown on figure 2. The
change of ions nitrates in the same channel is shown on figure 3 [14].

My

Figure 2. Ammonia ions in the water dump channel of Bortnytska Aeration Station

Figure 3. lons nitrates in the water dump channel of Bortnytska Aeration Station

The presence of biogenic elements in wastewater — nitrogen compounds and of
phosphorus initiates the processes of flowering and eutrophication of the reservoir,
which changes the physical and chemical properties of the environment: in eutrophic
reservoirs the content of biogenic and organic substances increases, the level
decreases oxygen saturation of the water, anaerobic zones appear in the bottom
layers, the turbidity of the water, its contamination by microorganisms increases,
which get there with sewage, including pathogenic ones. Accumulation of excess
amount of organic substances in the bottom silt deposits is accompanied by the
formation of methane, hydrogen, hydrogen sulfide, and ammonia, which can stand
out in the form of bubbles, and when dissolved in water give it unpleasant smell and
have a toxic effect on fish, invertebrates and plants, especially at low temperatures,
leading to shortages of oxygen and mass death of fish.

According to current paradigms, wastewater is still typically viewed as an energy-
demanding problem requiring expensive solutions, rather than a resource. Despite
the fact that most countries spend substantial amounts of energy treating sewage to
release it as harmlessly as possible into receiving waters, wastewater represents
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a mostly-untapped, potentially huge source of energy, including intrinsic energy
embedded within wastewater organics; thermal energy (5.8 kWh/m® per 5°C)
recoverable through heat extraction, e.g., by a heat pump; and an external fossil-fuel
energy equivalent required for the production of the same amounts of fertilizing
elements N and P contained in wastewater (19.3 kWh/kg N and 2.11 kWh/kg P) [15].

An increase in the level of trophicity is accompanied by a change in the
composition of phytoplankton — blue-green algae begin to predominate (90...95% of
the total population), and coastal shallow water zones are overgrown with higher
aquatic vegetation. The extensive development of algae hinders the work water
intake facilities and fish industry, reduces hydraulic parameters flow (speed of
coastal currents), and the flowering of water bodies also leads to decrease in
organoleptic indicators of water. The worst consequences of eutrophication are the
deterioration of quality indicators of drinking water and the mass death of fish.

Let’s calculate the amount of nitrogen and phosphorus discharged per inhabitant
per day.

According to the [16]. Total nitrogen N = 11 g/day, including ammonium salts —
8 g/day. Total phosphorus P = 1.8 g/day, including phosphorus phosphates — 1.44 g/day.

Average annual water consumption standards [17] per person: Qmin= 100 l/day;
Qmax = 285 I/day.

Concentration of total nitrogen in compounds is the following:

SRIM = o= 1000 = 5=+ 1000 = 38,6 mg/l (1)
gmax — QI:in * 1000 = %* 1000 = 110 mg/l .

For average water consumption (150:230 I/day)(baths and local water heaters) we
receive:
SRM =~ % 1000 = 47,8 mg/l )
S = —+ 1000 = 73,3 mg/l .

Concentration of ammonium salts:

i 8
SNH, = Zo5 ¥ 1000 =28,1 mg/I (3)

8
SR = —+ 1000 = 80 mg/l .

For average water consumption (150+230 |/day):

. 8
Slr\lnlllr}l = @ * 1000 = 34,8 mg/I (4)
max _ _© =
SNH, = 150 1000 = 53,3 mg/l

Concentration of nitrogen in other compounds (NO2; NO3) is the following:

Smin Lo, = SWin — smin = 38,6 — 28,1 = 10,5 my/l (5)
SNOXNO, = SN — SR = 110 — 80 = 30 mg/l .
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For average water consumption we receive:

ST o, = 47,8 — 34,8 = 13 mgll ©6)
SNG6x.No, = 73,3 = 53,3 =20mg/l .

Concentration of ions of ammonium salts NH4*:

CRiR = —2-=36,1 mg/l )
CNE, = 0 778-102 8 mg/l.

For average water consumption we receive:

i 348
CNH, = 0778 =44, 7 mg/l (8)
533 _
CNY, = 0778 =68,5 mg/l .

Concentration of Kyiv subscribers in WW (wastewater) (Initialized acceptance
of WW into the city's sewerage system):

Nitrites (NO2") — 3,3 mg/I
Nitrates (NOs?) — 45 mg/l .

Let's distribute the nitrogen concentration proportionally:
Nitrogen in nitrites (NO2")

min _ —

SNo, = 10,5 prs 3(45+3 5 = 0,72 mg/l (9)
max __ 33 j—

SNO, = 30—48,3(45+3,3) = 2,05 mg/l .

For average water consumption we receive:

i 3,3
33
S]I\?S;C =20 *KIB =1,37 mg/l .

Nitrogen in nitrates (NOz):

min __ i
Sno, = 10, 52 48 3 = 9,78 mg/l (112)

Sll\lngé( = 30?3 = 27,95 mg/l .

For average water consumption we receive:

SKon = 13 % — = 12,11 mg/l (12)
max __ I
SNGy =20 %~ =18,63mg/l.
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Conversion of nitrogen into nitrite and nitrate ions:
Concentration of nitrite ions (NO>)

Rl = 0"37024— 2,35 mg/l (13)
CRex = % 6,74 mgll .

For average water consumption we receive:

cun = 003809 = 2,93 mg/l (14)
CREY = 3507 = 451 mg/l

Concentration of nitrate ions (NOs"):

Cldn = % = 43,27 mg/l (15)

27 95
CRES = 555 = 123,67 mg/l.

For average water consumption we receive:

i 12 11
CREL = 53¢ = 53,58 Mg/ (16)
max _ 18,63 _

The presence of nitrogen and phosphorus plays an important role in the biological
treatment of wastewater. Nitrogen and phosphorus as biogenic compounds are part
of living bacterial cells. With insufficient concentrations of nitrogen and phosphorus
in wastewater, there is inhibition of biological purification processes, and with their
complete absence, such processes become impossible. However, the content of total
ammonium nitrogen and phosphates in wastewater increases from year to year.
Exceeding the maximum permissible concentrations of discharge of biogenic
compounds into natural reservoirs lead to flowering and eutrophication of the
reservoir, increase in the content of biogenic and organic substances, decrease in the
level of water saturation with oxygen, the appearance of anaerobic zones in the
bottom layers, increase in water turbidity, changes in the color of water,
contamination by pathogenic microorganisms, and as a result, is an obstacle to
farming, tourism and has a threatening effect on human health. Biological methods
of wastewater treatment are becoming especially relevant, as they are economically
beneficial, easy to maintain, not difficult to operate, and certainly environmentally
safe.

Results and discussion
Exceeding the maximum permissible concentrations of discharge of biogenic
compounds into natural reservoirs leads to flowering and eutrophication of the

reservoir, increase in the content of biogenic and organic substances, decrease in the
level of water saturation with oxygen, the appearance of anaerobic zones in the
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bottom layers, increase in water turbidity, changes in the color of water to green,
yellow, brown or red, its contamination by microorganisms that get there with
sewage, including pathogenic ones [18]. After calculations we received such dates
about concentrstions of nitrogen (Table 3). When an excess amount of organic
substances accumulates in bottom silt deposits, the processes of methane, hydrogen,
hydrogen sulfide, and ammonia formation begin, which can form and be released in
the form of gas bubbles, and when dissolved in water, they have a toxic and harmful
effect on the flora and fauna of the reservoir, the quality deteriorates significantly
indicators of drinking water [19].

Table 3. Summary table of nitrogen concentrations

For average water
. The whole range .
Concentrations consumption

min max min max

N 38,6 110 47,8 73,3

NH.* 36,1 102,8 44,7 68,5

NOy 2,35 6,74 2,93 4,51

NO3 43,27 123,67 53,58 82,43

Nitrogen of ammonium salts

N- NH.* 28,1 80 34,8 53,3
Nitrite nitrogen

N- NOy 0,72 2,05 0,89 1,37
Nitrate nitrogen

N- NOs 9,78 27,95 12,11 18,63

The concentration of biogenic elements and their regime depend on the intensity
of biological and biochemical processes in the reservoir and on the amount of
biogens entering the reservoir with wastewater and surface runoff in the catchment
area. Concentrations of nitrogen and phosphorus characterize the trophicity of the
reservoir. The regime of biogenic elements is considered as an initial indicator of
potential eutrophication. Therefore, for further analysis, we have to calculate
phosphorus concentrations. The results of the calculations are presented in table 4.

Concentration of total phosphorus in effluents:

i P
Sgnn —

#1000 = -2+ 1000 = 6,31 mg/| (17)

P

max __
Spt =

#1000 = ==+ 1000 = 18,0 mg/l .

min

For average water consumption:

smin — % + 1000 = 7,83 mg/l (18)
SpX = % * 1000 = 127,83 mg/l .

Concentration of phosphorus in phosphate:

SPUn = 222+ 1000 = 5,05 mg/l (19)
SPEX = 2241000 = 14,4 mg/l .
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For average water consumption:

min 1 44

Bot = ==+ 1000 = 6,26 mg/l (20)
max — ﬂ 1000 = 9,60 mg/l .
Concentration of phosphorus in other forms (organic):
SN pr = “2o2 5 1000 = 1,26 mg/l (21)
SPEX e = “o% 5 1000 = 3,60 mg/l .
For average water consumption:
SPUnpr = == ¥ 1000 = 1,57 mg/l (22)
SEEX o = == % 1000 = 2,40 mg/l .
Conversion of phosphorus into phosphate ions (P0,>")
Calculation of phosphorus in phosphates:
coun = 5"’5 29 _15,49 mg/l (23)
CRE* = —=-=44,17 mg/l
For average water consumption:
i 6 26
Cpo, = o526 = = 19,20 mg/Il (24)
9,60 _
Cpo, = o326 =29,45 mg/l .
Conversion of phosphorus of other forms into phosphates:
i 1,26 _
CPogopr = 052 =3,87mg/l (25)
3,60 _
CpG,opr = 032 11 04 mg/l .
For average water consumption
i 1, 57
CpO,opr = 0326 =4,82 mg/I (26)
2,40 _
CpO,0pr = 0326 =7,36 mg/l .

Conversion of total phosphorus into phosphates:

Cmin 631

= = 19,36 mg/I (27)
032

cmax = 189 _ 5551 mg.
0326
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For average water consumption:

clpin = % = 24,02 mg/l (28)
cmax = 229 _ 3681 mg/l .
0,326

Table 4. Summary table of phosphorus concentrations

Concentrations The whole range For average water
consumption
min max min max
P 6,31 18,0 7,83 12,0
P0O,>3" 15,49 44,17 19,20 29,45
phosphates
P0O,>3" 3,87 11,04 4,82 7,36
organic compounds
PO, 19,36 55,21 24,02 36,81
total phosphorus
Phosphorus phosphates 5,05 14,4 6,26 9,60
P — P0,*”
Organic phosphorus 1,26 3,60 1,57 2,40
compounds P

The content of total ammonium nitrogen in wastewater increases from year to
year. In wastewater, in the presence of oxygen, the process of nitrification occurs,
which goes almost to the end. In this way, ammonium nitrogen turns into nitrites,
and then into nitrates. The content of a large amount of nitrates in surface waters is
dangerous for health, the use of such water leads to the development of water-nitrate
methemoglobinemia — a disease accompanied by oxygen starvation of body tissues
and suppression of the activity of enzyme systems [20].

Therefore, the issue of removing nitrogen and phosphorus compounds from
polluted wastewater before discharging it into natural reservoirs and improving
existing technologies for biological wastewater treatment is urgent.

Conclusions and recommendations

The arrival of biogenic compounds of nitrogen and phosphorus in concentrations
exceeding the maximum permissible for discharge into natural reservoirs leads to
flowering and eutrophication of the reservoir, an increase in the content of biogenic
and organic substances, a decrease in the level of water saturation with oxygen, the
appearance of anaerobic zones in the bottom layers, an increase in water turbidity,
changes in the color of water, its contamination by pathogenic microorganisms, and
as a result is an obstacle to farming, tourism and has a threatening effect on human
health.

In this article we calculated concentrations of biogenic compounds dischared into
water bodies and analyzed main pollutants of water contamination. Water quality is
affected by both point and nonpoint sources of pollution in rural and urban areas.
Some of these sources include sewage discharge, industrial discharge and
agricultural run-off. The concentration of biogenic elements and their regime depend
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on the intensity of biological and biochemical processes in the reservoir and on the
amount of biogens entering the reservoir with wastewater and surface runoff in the
catchment area. The issue of soil water contamination by biogenic elements is
extremely acute, especially for regions where there are no centralized water supply
systems. The population uses ground water for drinking, which accumulates on the
first waterproof layer. Exceeding the maximum allowable concentrations of the
content of biogenic elements and, first of all, nitrate compounds in groundwater leads
to the risk of diseases in the population.

Wastewater treatment requires special treatment facilities and units with the help
of which polluting impurities are isolated, disinfected or neutralized. Domestic
wastewater is cleaned by mechanical and biological methods. Industrial wastewater
is treated together with domestic wastewater, but if the concentration of pollutants
exceeds the permissible level or the wastewater contains highly toxic substances,
then such water is pre-treated at the treatment facilities of the relevant enterprises
and institutions and only after that it is discharged into general treatment facilities.
Before discharging treated wastewater into reservoirs, they must be disinfected.
Mechanical cleaning serves to remove insoluble substances from wastewater. Water
filtration is used to retain the smallest insoluble particles of pollutants that are in a
suspended state. For this, sand and gravel filters or special nets are used. Wastewater
purification from mechanical impurities is also carried out with the help of a
hydrocyclone — a unit that, in the process of rotating a water tank due to the action
of centrifugal forces, removes suspended particles of pollutants from water
(centrifugation).

Another important method of cleaning wastewater from biogenic compounds is
the microalgae cleaning method.

There is also a need to develop innovative methods of wastewater treatment.

In the futher studies, we plan to investigate the methods of handling
concentrations of biogenic compounds in water bodies, as well as the impact and
methods of processing organic waste.
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C. lllamancwbkuii, JI. [TaBaiox, O. l'opbayoBa, B. Penera
AHAJII3 KOHIEHTPAIIM BIOTEHHUX CIHOJYK, IO CKHIAIOTHCS
Y BOJIOMMH 3 KOMYHAJIbBHUMHU CTIYHUMHU BOJAMHA

AHoTtamis. Y mid crarti Oyno TpoaHaTi30BaHO BIUIMB IiJABUINEHOI KOHIIEHTpAIIil
0lOreHHHX EJIEMCHTIB, a TaKOX IIJIBUIICHOI TEMIEpaTypd Ha YACTOTy Ta BEIUYHHY
PO3MHOXEHHS LiaHOOaKTepiil. MeToro Oyyo BUSIBICHHS OCHOBHHX NPHYHMH IIOT'aHOI SIKOCTI
BOJIM B TIOBEPXHEBHX BOJOHMAax YKpaiHU MOPIBHSAHO 3 KpaiHaMu €BPONH, a TAKOX BIUIHB
HA/IXOJDKCHHS KOMYHAJIbHHUX CTIYHHX BOJl Y BOJAONMHM Ha SIKICTh BOJM B HUX. [loka3aHo, 110
3a0py/HCHHS OIOTCHHUMH e€JeMEHTaMHU (CIoMykaMu a3oTy Ta Qocdopy) € onHien 3
TOJIOBHUX TIPUYHMH HE3aJOBUTBHOT SKOCTI Boau BomgHUX 00’ekTiB. Ile, y cBoro dHepry, €
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NPUYMHOIO 10T HU3KM TakMX mpoOieM, sK 3MiHa O10JIOTIYHOI PI3HOMaHITHOCTI 1
MIPOJYKTUBHOCTI BOJIOWM BHACIIJIOK €BTpodiKamii MPpiCHOBOJHUX Ta MOPCHKHX €KOCHCTEM,
MIOMIMPEHHS 3aXBOPIOBAHb, TTOB’S3aHUX 3 HE3aIOBUIBHOIO SKICTIO MUTHOI Boxu. OmHUM 3
TOJOBHUX JDKEpel HAAXOIKEHHS OIOTeHHMX eJEeMEHTIB y IIOBEpXHEBI BOJOWMH €
KOMYHaJIbHI CTi4HI BOAHM. baraTopidHi cHocTepekeHHS 3a CKJIAQJAOM CTI9HHUX BOJ
KOMYHAQJIBHUX CHCTEM KaHai3amii CBiA9aTh Ipo Te, 0 KOHICHTpalis 010TeHHIX eJICMEHTIB
y HEX MO>ke OyTH pi3HOI0. Lle BennKkoio Miporo 3aJeXXUTh Bill JKeper HaAXOKEHHS CTOKIB.
B 3aranpHi#l KiTBKOCTI CHONYK a30Ty Ta Gocdopy, Mo HaIXOAIATh y CTIdHI BOIH, 3HAYHE
MiCIle 3aiiMa€e TOCMOJapchKa [isUTbHICTh MEIIKAHINB CeliTeOHuX Teputopiid. JlocBin
CBIJIUUTb, 1110, HC TUBJISIYUCH HAa PiBEHb 3a0€3MCUYCHOCTI BOJAONOCTAYaHHSIM, 3arajibHa Maca
010TeHiB, [0 HAJIXOAATh Y KaHATI3aIliiHY CUCTEMY BiJl OJTHOT'O MEIIKAHIII 32 IIEBHUH MEpio
yacy, € TOcCTiiiHOI. Pa3oM 3 TuM, BpaxoBylounm TOW (hakT, MO0 BOI03a0E3MEUYCHICTH
MEIIKAHIIB € PI3HOI0, KOHLEHTpAIlisl O10TeHIB y CTIYHMX BOAAX TaKoX OyJe pi3HOIO uepes
pizHe po30aBiieHHs. Po3paxyHKOM I[OKa3aHO, WO JUIS YChOIO HOPMATHBHO MOJXJIMBOTO
niamazoHy piBHIB BomocmokuBaHHA (Bix 100 mo 285 1n/mo0y Ha OFHOTO MEIIKAHIIA)
KOHIIEHTpAIis] 010reHHUX SIEMEHTIB Y CTIYHUX BOJIAX MOXKE CTAHOBHTH: 3araIbHOTO a30Ty —
Bix 38,6 mo 110 mr/m; amoHiitHoTO a30Ty — Bix 36,1 no 102,8 mr/m; HiTpuTiB — Bix 2,35 o
6,74 mr/m; HiTpatis — Bix 43,27 no 123,67 mr/m; 3aransaoro pocdopy — Big 6,31 mo 18 mr/m;
¢docdariB — Big 15,49 no 44,17 mr/ir; oprarianoro ¢ocdopy — Bix 1,26 o 3,60 mr/i.

KurouoBi ciioBa: 3a0pyaHeHHS, OIOTCHHI eleMEHTH; eBTPOdIKaIlisl; CTiYHI BOIM; IKICTh
BOJHU
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PROGNOSIS MODELS OF NITRATES AND ORTHOPHOSPHATES
CONTENT IN SURFACE WATERS

Abstract. The dynamics of hydrochemical parameters such as nitrates, and
orthophosphates of surface waters were analyzed. Based on the analysis of wide
temporal monitoring data, of prognosis nitrates and orthophosphates of the surface
waters were carried out.

The purpose is an assessment of the state of the surface water by nitrates and
orthophosphates hydrochemical parameters and their regression analysis.

The object of research — was to determine nitrates and orthophosphates indicators
of the river water state during 12 years.

The regression analysis method using the Windows Excel CurveExpert software was
used to determine the empirical dependencies and search for connections.

Against the background of high regulation of the Inhul river basin (the presence of
770 ponds and an irrigation system on 33 hectares, water use is carried out by more
than 20 enterprises) showed the periodic nature of changes in hydrochemical
parameters. Based on the obtained functions, prognoses to 2030 on annual averages
were developed. The study is the basis for determining the mathematical model of
natural fluctuations of the research indicators. Regression analysis allows
obtaining a sinusoidal dependence on the orthophosphates content, which
demonstrates 13 years fluctuation (R = 0.90). We have an 11-year sinusoidal wave
with a period of 10 years and fairly high representativeness (R = 0.85) for nitrate
content. The determined sinusoidal dependences of the integrated indicators of
water quality allowed determining the average time of fluctuations concerning the
processes of self-organization of river waters, which is about 11 years, and confirms
the theory of "waves of life". The surface waters of the river are capable of self-
renewal and their hydrochemical status has not yet reached a critical point, after
which irreversible changes in the river ecosystem may occur.

Keywords: nitrates; phosphates; prognosis models; water security; the prognosis of
the environment state

DOI: https://doi.org/10.32347/2411-4049.2022.4.30-43

Introduction

In 2015, within the framework of the 70th session of the UN General Assembly was
held in New York UN Sustainable Development Summit and the adoption of the
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Agenda, which approved new development guidelines. The final document of the
Summit "Transformation of our world: the agenda in the field of sustainable
development by 2030" 17 Sustainable Development Goals and 169 tasks were
approved. One of the strategic goals of sustainable development is related to clean
water, quality of water resources. The problem of surface water is one of the key
challenges of humanity. In 2018, the International Decade for Action in the Field of
Water Resources for Sustainable Development was launched. Water resources are a
source of industrial and domestic water supply, and therefore play a crucial role in
economic development and human life [1-7].

International experts from the World Health Organization have found that more
than 60% of the world's diseases are caused by consumption of poor water. So today,
water is regarded not only as a natural resource, it has a pronounced social
significance. The regulatory framework for water quality assessment is formed based
on general requirements for the composition and properties of water and the values
of maximum permissible concentrations of substances in the water of water bodies.
The general requirements determine the permissible composition and properties of
water, which are assessed by the most important physical, bacteriological and
chemical indicators [8—12].

Two indicators of water quality from the sanitary-toxicological group were
selected for the study. These are nitrates and orthophosphates. We chose these
indicators for the study because Nitrogen and Phosphorus are one of the main
biogenic elements, they are the main elements of plant nutrition.

The presence of nitrate ions, NOs', in natural waters is associated with:

e internal processes in the reservoir — nitrification of ammonium ions with
the participation of oxygen under the action of nitrifying bacteria;

e atmospheric precipitation, which absorbs oxides of nitrogen formed during
atmospheric electric discharges (the concentration of nitrates in
precipitation reaches 0.9-1 mg);

¢ industrial and domestic wastewater, especially after biological treatment,
when the concentration reaches 50 mg/dms3;

o runoff from agricultural lands from irrigated fields where nitrogen
fertilizers are applied.

The main processes aimed at reducing the concentration of nitrates are their
consumption by denitrifying bacteria and phytoplankton, which in the absence of
oxygen use nitrate oxygenat to oxidize organic matter.

In surface waters, nitrates are in a dissolved form. The concentration of nitrates in
surface waters is subject to seasonal fluctuations: minimal in the growing season, it
increases in autumn and reaches a maximum in winter when the minimum
consumption of nitrogen is the decomposition of organic matter and the transition of
nitrogen from organic to mineral forms. The amplitude of seasonal fluctuations can be
one of the indicators of eutrophication of a water body [13, 14, 15].

Orthophosphates, PO4*, exist in three forms: orthophosphate, metaphosphate (or
polyphosphate P,Os) and organically bound phosphate. Orthophosphates are used on
agricultural land as fertilizers. They enter surface waters during rains or melting
snow. Polyphosphates are used in laundry detergents and synthetic detergents. In
water, they are converted to orthophosphate and are available for absorption by
plants. Organic phosphate is phosphate that is bound in plant tissue, solid waste, or
other organic material. Phosphates are present in clean water bodies in very small
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guantities. It is an essential element for plant life, but when too much in the water, it
can accelerate the eutrophication of rivers and lakes (a reduction in dissolved oxygen
in water bodies caused by the effect of algal blooms). The increased content of
phosphates in water is a consequence of its pollution. Natural unpolluted water
bodies have a phosphate concentration of less than 0.1 mg/dm?, and sometimes even
less than 0.03 mg/dm?. Phosphate concentrations in the water above 0.3 mg/dm?
indicate obvious contamination. Phosphorus enters the water in both urban and
agricultural environments. Orthophosphate forms are formed by natural processes,
but the main sources are influenced by humans.

In recent years, phosphorus compounds have become one of the most dangerous
water pollutants, which enter aquatic ecosystems with wastewater from cities,
industrial production and agricultural mineral fertilizers. Municipal wastewater
(containing detergents and organic waste) is discharged into rivers. Even after
mechanical and biological treatment of water in purification plants, a large amount of
phosphates enters the water. According to some reports, up to 75% of the total amount
of phosphorus discharged into water bodies is brought by municipal wastewater.
Another source of phosphates is various industrial wastes from chemical production,
processing of vegetables and fruits, pulp and paper industry, etc. The contribution of
the industrial group of effluents to the total amount of discharged phosphorus reaches
20%. Phosphorus is a common ingredient in agricultural fertilizers. In turn, grain crops
are fed to farm animals, which produce manure rich in orthophosphates. Applying
chemical fertilizers to soil already saturated with orthophosphates and applying
excessive manure results in orthophosphate runoff during heavy rainfall and
contamination of nearby water sources [16, 17, 18, 19, 20].

The purpose of this study is an assessment of the state of the surface water by
nitrates and orthophosphates hydrochemical parameters and their regression analysis.

The object of research: nitrates and orthophosphates indicators of the river water
state at the observation point Sofiyivske reservoir (drinking water intake of Novy
Buh) during 2008—2020.

Study area and methods. The natural surface waters of the Inhul river, which is
river of the Northern Black Sea Coast, Ukraine, were chosen as the object of the
study. The Inhul river is the largest tributary of the Southern Buh, flowing through
the Kirovohrad and Mykolaiv regions, Ukraine. The length of the Ingul River is
354 km, the slope of its flow is 0.4 m/km, and the feeding basin has an area of
9890 km? (Fig. 1).

Fig. 1. The Inhul river basin is on the territory of Ukraine [21]
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Long-term monitoring of certain parameters allows building mathematical
models for forecasting the evolution of surface waters to maintain sustainable use of
water resources and prevent environmental crises [22—27]. Increased anthropogenic
activity leads to excessive pollution of water resources [28—31].

One of the main problems of water resources of the Mykolaiv region (Ukraine)
is the high over-regulation of rivers (dams, artificial ponds), and the discharge of
polluted wastewater from industrial facilities and agricultural production. Sewage is
discharged by 66% of water users, of which 40% discharges contaminated
wastewater [32—-35].

The specificity of this study is the temporal analysis of the dependences of nitrates
and orthophosphates in the surface waters of the Inhul river on temperature. This
allowed us to study the relationships between hydrochemical parameters and
temperature changes, as well as to form predictive mathematical models of long-
term dynamics. The main problem of water resources in Ukraine is the pollution of
water bodies with insufficiently treated industrial and domestic wastewater; moral
aging of fixed assets for water supply and water protection purposes, low
productivity of treatment facilities.

Research methods. We used the following methods for our study: the method of
analysis; cartographic, where the map provides an opportunity to present the object
of study in space; mathematical modeling through the use of regression analysis. The
regression analysis was used through the Windows Excel software of the
multifunctional system CurveExpert to determine the empirical dependencies and
find the links found in the regression function.

We have used the criterion of significance, or Fisher (formula 1) to assess the
adequacy of the model. Also we have used Fisher distribution tables (a = 0.10,
a = 0.05) for 120 degrees of freedom and critical Fisher distribution points for
12—17 degrees of freedom (a = 0.01, a = 0.05) to determine the significance of the
function coefficients.

R?> n-m-1

1-R2 m !

F =

)

where R is the regression coefficient (determination),
n is the number of observations,
m is the factors number in the regression equation.
The regression coefficient (determination) is a fraction of the variance of the
dependent indicator, which is explained by the function (formula 2).

2 _ 1 _ o?
R*=1-—o )

where o?(y) = D[y] — the variance of the random variable obtained from the
measurements;

o? = D[y|x] — conditional variance depending on the exponent x in the function for
which the regression coefficient is located.

The method of estimating the correlation level involves the possibility of direct
use of the determination coefficient as a number describing the degree of deviation
of the values from the values of the function, and then the qualitative analysis of the
correlation degree is carried out by a table 1.
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Table 1. Scale of the regression coefficient (determination)

Value Interpretation
R<0 Inverse correlation
0<R<0.2 Very weak
0.2<R<05 Weak
05<R<07 Average
0.7<R<0.9 High

09<R Very high

The quantification also determines the level of the standard error of rank
correlation (formula 3) and builds a balance chart, which in the CurveExpert
software package occurs automatically.

(3)
Results

By the nature, features and consequences of the influence on the chemical
composition formation of natural waters are influenced by the following factors:
physical and geographical (relief, climate, weathering, soil cover); geological (rock
composition, hydrogeological conditions); physico-chemical (chemical properties of
elements, acid-base conditions, water mixing, ion exchange); biological (vital
activity of living organisms in the aquatic environment and in catchment areas);
anthropogenic (all factors associated with human activities). Conditions for the
formation of the chemical composition of natural waters of different types depending
on the ratio and sequence of manifestation of these factors [36—46].

Climate change, which is now a major topic for discussion and research, also has
a direct impact on the hydrological and hydrochemical and hydrobiological regimes
of the river. We investigated changes in river temperature for more than 10 years
(Fig. 2).

= Temperature max Temperature min Temperature aver
35.00 30.00 30.00,¢ 9
3000 25.0022-20 27.00 26.00 Y 26.00 26.00 26.00 55 g 25.00
O 23.00
S 25.00 -
£ 2000
8 == 4614.18 14.08 13.7514.25
S 13.2713.46 12.92 12.17 12.5812.69 1183 11 50 12.56
(0] o T — —
g 10.00
2 500 0.10 1.00 900 0.00 1.00 1.00 1.00 1.00 ppo 0.00 0.00 0.00 0.00
0.00
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Fig. 2. Average water temperature changes
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So, water temperature is the main indicator around which the analysis was carried
out. This factor directly affects the hydrobiological and hydrochemical processes,
and the solubility of substances. During the study, a regression analysis of the
dynamics of annual averages and their seasonal quarterly dynamics during 2002—
2020 was performed (data from the laboratory of water and soil monitoring of the
Regional Office of Water Resources of the Mykolaiv region (Ukraine) (Law of
Ukraine, Regional report). The recurrence of the studied indicators indicates the
cyclical nature of natural and man-made processes that generate them (Fig. 3).
Analysis of changes in water temperature (Fig. 3), despite the well-known facts of
global warming, shows harmonic periodic fluctuations and even some decrease in
temperature [21].

The red line indicates the maximum values of measurements, the blue — the
average, the yellow — the minimum. The maximum measured data (red line) the peak
values in 30°C were fixed in 2010 and 2013, and the minimum 23°C — in 2019. For
the minimum values (yellow line) the stable mark in 0°C remains. except for 2009
and the period from 2012 to 2015, when the minimum values were 1°C. For average
values, which are taken as a basis for further calculations, the peak values fall on
2010 (14,18°C), 2012 (14,08°C) and 2014 (14,25°C). Deviations were recorded only
of the maximum temperatures for 2010 and 2013. The values of average
temperatures were predicted for the next 10 years. The predictive mathematical
model demonstrates the oscillatory (sinusoidal) nature of temperature change,
despite all current claims about the impact of global warming on water resources.
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Fig. 3. Water temperature prognosis

Orthophosphates. According to the State Agency for Water Resources, there are
two main MPC standards for orthophosphates: for household use and fisheries. Both
are currently 3.5 mg/dm? (Regional office of water resources). It was determined that
the maximum values do not exceed the MPC when analyzing the dynamics of
orthophosphates concentrations (Fig. 4)

Regression analysis allowed obtaining a sinusoidal dependence on the
orthophosphates content, which demonstrated the period of fluctuation of 13 years.
However, the period under study here also falls in the area of decline and growth
until 2020 (Fig. 5.) Free state phosphorus is not found in natural conditions. In waters
phosphorus is in organic and inorganic forms. The base mass of Phosphorus is
suspended. Phosphorus compounds enter into natural water as a result of reservoir
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processes, weathering and dissolution of rocks, exchange with bottom sediments and
anthropogenic sources. The content of various phosphorus forms is influenced by
the processes of its circle. In contrast to Nitrogen, the circle of phosphorus is
unbalanced, which determines its lower content in water, so Phosphorus is a biogenic
element whose content is limited.

e Orthophosphates max  e====Orthophosphates min e QOrthophosphates aver
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Fig. 4. Dynamics of the orthophosphates

The chemical composition of natural waters is influenced by direct and indirect
factors. The direct factors are: atmospheric precipitation; soils, rocks, plants,
groundwater, sewage (industrial, agricultural, household sources).

Indirect factors are: climate; relief, vegetation, water regime. Orthophosphates
(PO4*) are the main cause of eutrophication, as well as an important indicator of
diffuse and point sources of pollution. Eutrophication is the result of the natural
aging of reservoirs, as well as the consequence of anthropogenic action. The last
factor is overwhelming.
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Fig. 5. A sinusoidal wave of orthophosphates content during 2002—-2020
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When forecasting, it is proposed to use the function (formula 4) as a more
complete.

T =0.598 + 0.116 cos(0.496N — 2.714). (@))

The obtained graph (Fig. 6) allows predicting natural fluctuations of phosphate

content in the surface waters of the Inhul River. The prognosis, developed based on
this function is highly reliable, due to the high regression coefficient of the function.
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Fig. 6. Prognosis of orthophosphates content by 2030

Nitrates. Analysis of the dynamics of the content of nitrates as the main
compounds of nitrogen, as a biogenic element, shows a significant excess of the
MPC (45 mg/dm®) to 70.49 mg/dm® in 2008 (Fig. 7). Nitrates indicators
eutrophication and an important indicator of diffuse pollution by fertilizers (leaching
from the soil), as the characteristics of the sewage works.

e Nitrates max s Nitrates min === Nitrates aver
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Fig. 7. Dynamics of the nitrates
Due to the anomaly of 2008 caused by mass accidental emissions of Galician

treatment plants, which affected the entire river area, we have the highest
representativeness for the growth function (Saturation Growth-Rate Model, Fig. 8).
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Fig. 8. The function of the nitrates concentration changes

However, although its regression coefficient of the function (formula 5) is high
(0.95), we consider it necessary to note that the value of 2008 is the result of artificial
pollution, not seasonal dynamics, so the forecast must be built without taking it into
account.

3.75N

~ N-068 °

(5)

So if we exclude this anomaly, we get an 11-year sinusoidal wave (Fig. 9) with a
period of 10 years and fairly high representativeness (R = 0.85).
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Fig. 9. A sinusoidal wave of nitrate content

The function (formula 6) determines the entry into the study period of the stage
of decreasing values.
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T = 4.28 4+ 0.985 cos(0.568N — 2.081). (6)

The prognosis (Fig. 10) shows stable natural dynamics of nitrate content in
surface water.
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Year

Fig. 10. Prognosis of nitrate content until 2030

Conclusions

The dynamics of the studied indicators over time, namely: temperature, nitrates and
orthophosphates were presented as a regression analysis. Against the background of
high regulation of the Inhul river basin (the presence of 770 ponds and an irrigation
system on 33 hectares, water use is carried out by more than 20 enterprises) has
shown the periodic nature of changes in hydrochemical parameters. Based on the
obtained functions, prognoses for 2021-2030 on average annual averages have been
developed. Regression analysis allows obtaining a sinusoidal dependence on the
orthophosphates content, which demonstrates the period of fluctuation of 13 years.
The study is the basis for determining the mathematical model of natural fluctuations
of the studied indicators. Regression analysis allows obtaining a sinusoidal
dependence on the orthophosphates content, which demonstrates the period of
fluctuation of 13 years (R = 0.90). We have an 11-year sinusoidal wave with a period
of 10 years and fairly high representativeness (R = 0.85) for nitrates content. The
determined sinusoidal dependences of the integrated indicators of water quality
allowed determining the average time of fluctuations concerning the processes of
self-organization of river waters, which is about 11 years, and confirms the theory
of "waves of life". Currently, the surface waters of the river are capable of self-
renewal and their hydrochemical status has not yet reached a critical point, after
which irreversible changes in the river ecosystem may occur.
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O.I1. MitpsicoBa, A.M. llln6anosa, E.A. lxxymeJs
MMPOTHO3HI MOAEJII BMICTY HITPATIB I ®OCPATIB Y NIOBEPXHEBHUX
BOJAX

Amnoraunis. [IpoananizoBaHo AMHAMIKY TaKHMX I'iIpOXIMIYHHMX ITOKAa3HUKIB, SIK HITPAaTH Ta
oprodocdaru moBepxHeBUX BoJ. Ha OCHOBI aHamizy JAaHMX IIHPOKOTO YacOBOTO
MOHITOPHHTY IIPOBEIECHO MIPOTHO3 HITPATIB 1 opTOdochaTiB MOBEPXHEBUX BOI.

MerTa — oIiHKa CTaHy HMOBEPXHEBHX BOJ 3a TiAPOXIMIYHMIMH MOKa3HUKAMH HITPaTiB i
oprodocdari Ta ix perpeciiHuii aHaI3.

Merta nociikeHHS — BH3HAYEHHS HITPaTHO-OpTO(OoChaTHUX MOKa3HUKIB CTAaHY BOAM
piuxu ynpoaoBxk 12 pokis.

Jnst BU3HAYEHHsI eMIIPUYHHUX 3aJIe)KHOCTEH Ta TOIIYKY 3B’SI3KIB BUKOPHCTOBYBABCS
METOJ perpeciiiHoro ananizy 3 BukopuctanusaM nporpamu Windows Excel CurveExpert.

Ha ¢oni Bucokoi 3aperynboBaHocTi Oaceiiny piuku [Hryn (HasBhicts 770 cTaBKiB Ta
3pOIIyBaIbHOI ccTeMH Ha 33 ra, BOJOKOPUCTYBaHHS 31 CHIOIOTH noHax 20 miApHEMCTB)
MIOKa3aHOo TEepioANYHUIA XapakTep 3MiHU TiAPOXiMIYHMX MOKa3HUKIB. Ha 0cHOBI oTpuMaHux
¢dbyHKIi#H 3miiicHeHo mporHo3u 10 2030 p. 3a cepeqHBOPIYHIMHE TTOKa3HUKaMU. JlociikeHHs
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€ OCHOBOIO JIJIsl BU3HAYEHHsI MaTEeMaTUYHOT MOJIeJTi 3aKOHOMIPHHUX KOJIMBaHb TOCIIKYBaHUX
MOKa3HUKIB. PerpeciiiHuii aHami3 03BOJIMB OTPUMATH CHHYCOIaJbHY 3aJEXKHICTh BMICTY
oprodocdariB, ska oxormmoe 13-piune xommBanHa (R = 0,90). Orpumano 11-piuny
cuHycoiny 3 epiogoM 10 pokiB i TOCHTh BUCOKY pernpe3eHTaTUBHICTH (R = 0,85) 3a BMicTOM
HiTpaTiB. Bu3HaueHi cWHycoimaidbHi 3aJIe)KHOCTI IHTETPaJbHUX TOKA3HHUKIB SKOCTI BOIM
JO3BOJIMJIM  BU3HAYUTH CEpPEIHI dYac KOJWBaHb MIOJM0 TIPOIECIB caMoopraHizamii
MTOBEPXHEBUX BOJ, KWW CTAaHOBHUTh OJIM3bKO 11 pOKIB 1 MiATBEPIKYE TEOPIIO «XBHIIb
KUTTs». [ToBEepXHEBI BOJAM PIUKH 37aTHI IO CAMOBITHOBJICHHS, a iX T1IPOXIMIYHMIA CTaH IIIe
HE JIOCAT KPUTUYHOI TOYKH, IICIISl SIKOT MOXKYTh BiIOYTHCSI HE3BOPOTHI 3MIiHM B PIUKOBiH
€KOCUCTEMI.

Karouosi cioBa: nitpatu; ¢ocdartu; mporHozHi moxeni; Oe3rnexa BOJHUX PECYpPCIB;
MIPOTHO3 CTaHy JOBKIJUIS
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ANALYSIS OF AEROTECHNOGENIC POLLUTION OF THE VINNYTSIA

USING PHYTOINDICATION METHODS

Abstract. Today, the anthropogenic impact on the environment is increasing,
especially in urbanized areas and territories where active hostilities are taking
place. Among a number of urgent environmental problems, it is possible to single
out atmospheric air pollution, which occurs as a result of the concentration of road
transport and industry in safe areas. The article presents the results of research into
the state of atmospheric air pollution in the city of Vinnytsia using phytoindication
methods, namely the degree of fluctuating asymmetry of warty birch leaves, and
established the dependence of the fluctuating asymmetry on the level of traffic load.
The research was conducted at the end of July in 2021 and 2022, after the end of
the growing season of warty birch (Betula pendula). In the city of Vinnytsia, six
representative experimental sites with different levels of anthropogenic load were
identified. Fluctuation asymmetry coefficients of warty birch leaves were calculated
for each experimental site and indicators of the asymmetry coefficient were
determined. The level of motor vehicle load on experimental sites was established
and a correlation-regression model of the dependence of the coefficient of
fluctuation asymmetry of the leaves of the warty birch on the level of motor vehicle
load was calculated. Conducting biomonitoring of aerotechnogenic pollution of
urban ecosystems is necessary for finding ways to optimize its quality.

Key words: phytoindication; warty birch; coefficients of fluctuation asymmetry;
motor vehicle load

O.M. Tuxenko, I.B. MaTtBeeBa, B.A. I'po3a

HamionaneHuii aBianiitanii yHiBepcuteT, M. KuiB, Ykpaina

AHAJII3 AEPOTEXHOI'EHHOI'O 3ABPYITHEHHSA MICTA BIHHUIIA

3 BUKOPUCTAHHSIM METOIB ®ITOIHIUKAIIII

Anomauin. Ha cvoeoouiwmiti OeHb aumMpoOnoceHHuti 6naue Ha O006KiLIs
ROCUTIOEMBCS, OCOONUBO HA YPOAHIZ308AHUX MA MEPUMOPISX, 0e 8e0YMbCsl AKMUGH]
oouoei 0ii. Ceped HU3KU aKMYANbHUX €KOJOZIYHUX NPOONeM MOJICHA BUOLIUMU
3a6pYOHEHHs. AaMMOCHepHo20 nogimpsi, wjo 8i00Y8AEMbCsi 6HACTIOOK KOHYeHmpayii
A6MOMOOGIILHO20 MPAHCNOPMY MA NPOMUCIOBOCI HA OE3NeUHUX Mepumopisx.
Y cmammi  nasedeni  pesynbmamu  0ocniodceHHsi  cmaHy — 3a0pyOHeHHs
ammocepnozo  nogimps  micma  Binnuys i3 3acmocysammsm  memooig
Gimoinouxayii, a came cmynens nposgy aykmyayitinoi acumempii tucmkis bepesu
bopooasyacmoi, ma BCMAHOBIEHO 3ANENHCHICMb  GeAUYUHU  IAYKMYAYiHOT
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acumempii 6i0 pigHs MpancnopmHoO20 HA8AHMAaX CeHHA. [{ocniOxncenHs npogoounUcs
Hanpuxinyi aunus y 2021 ma 2022 pp., nicis 3aKiHUeHHSA 6ecemayiino2o nepiooy
bepesu 6opodasuacmoi (Betula pendula). ¥ micmi Binnuys 6yno eusnaueno wicmo
penpeseHmamuHux OOCTIOHUX MAUOAHYUKIB i3 DI3HUM DI6HeM AHMPONO2EeHHO20
Hasanmaoicenna. Pospaxosano xoegiyiecnmu aykmyayiiinoi acumempii aucmkis
bepesu bopooaguacmoi 01 KoHCHOI 00CTIOHOI OIIAHKY MA BUSHAYEHO NOKASHUKU
Koegiyiecuma  acumempii.  Bcmanoeneno  piseno  aemompancnopmuoco
HABAHMADICEHHA HA OOCHIOHUX MAUOAHYUKAX Md PO3PAXOBAHO KOPENAYIUHO-
pecpecitiny  MoO0elb  3aNe)CHOCMI  8eUYUHU  Koe@hiyienma  Quykmyayitinoi
acumempii nucmkie bOepesu 6Oopooaguacmoi 6i0 pieHs AGMOMPAHCNOPMHOZ0
nasanmagicenns. Ilpogeoenns OioMoHImMOpuUHey aepomexHo2eHHo20 3aOpyOHeHHs
ypboexkocucmem € HeoOXIOHUM 051 NOWLYKY WLTIAXI6 ONMuUMI3ayii 1020 AKOCMI.
Knrouosi  cnoea: ¢himoinduxayis, Oepesza 6Oopodaguacma,  KoepiyicHmu
@rykmyayitinoi acumempii; agMompancnopmHe HA8AHMANCEHHS

DOI: https://doi.org/10.32347/2411-4049.2022.4.44-52

Beryn

Ha croroanimHii eHs aHTPONIOTEHHMIA BIUTMB Ha TOBKIJIS TIOCHITIOETHCS, 30KpeMa
1 BHACIIiIOK BeaeHHs 6oioBux aiii [1]. TToripiiueHns sKocTi atMOChepHOro MOBITPsI
JOCUTPH YaCTO CIIOCTEPITraeThCs i Ha BiTHOCHO OE3MEYHUX TEPUTOPISX.

Ha choropnimHiii J€Hb CKI3JI0BOK YaCTHHOK EKOJIOTIYHOTO MOHITOPUHTY
SIKOCTI TIOBITps € (itoiHmukaiis. bararo pocnvH 9yTivBi 10 pi3HHX (haKTOPIB
30BHIIIHBOTO CEpPENOBHINA 1 MOXYTh ICHYBaTd JIMIIE B TMEBHUX, YacTO BY3bKHX
MeXaX CBO€l MIHJUBOCTI. [IpyM OIIHII aepOTEXHOIEHHOIO HABAHTAXCHHS Ha
Teputopii Meton (iTOIHIUKAIil JOCHTHh E€(PEeKTHUBHHMA, OCKUILKH JKHABI CHCTEMH
HaJ3BUYAIHO Yy TIIHBI 10 3MiH Y TOBKIJUTi i MArOTh 3[]aTHICTh pearyBaTH JI0 TOTO, SIK
1i 3MiHM CTaHYTh MOMiTHUMHU. [lepeBaroto BUKopucTanHs GpiTOIHIUKATOPIB € Te, 110
BOHH y3arallbHIOIOTh yCi 0I0JIOTIYHO BaXJIMBI J]aHi MPO JOBKULIA i BiqoOpaXkaroTh
HOro CTaH y LiJIOMY; HE BUMAaraloTh BUKOPHCTAHHS JJOPOTHX METO/IB JIOCIiPKSHHS;
BKa3yIOTh IIUISIXH Ta MiCIIsl HAKOTTMYEHHSI B EKOCUCTEMAaX Pi3HUX BU/IIB 3a0pyAHECHHS;
JIAF0Th 3MOT'Y OI[IHUTH CTYIIiHb IIKIITTUBOCTI PEYOBUH IS )KUBOI ITpHponu [2].

Binnuipka 00651acTh B €K0JI0TiHYHOMY pelTHHTY obnactelt Ykpainu y 2021 p. Oyna
Ha 9-my wmici, a 'y 2022 p. — Ha 10-my [3]. 3a odimiiiHuMu aHUMH, 30UTBIITIIACS
KUIBKICTh IIKIIJTMBUX BUKHIIB B 00JsiacTi. CHCTEMaTHYHI CIIOCTEPEKEHHS 32 BMICTOM
LOIKIUIMBUX PEYOBMH B arMOC(EepHOMY TIOBITpi M. BiHHMIIZ mpOBOASTHCS
71a00paTOPi€I0 CIIOCTEPEKEHD 3a 3a0pyJHEHHAM aTMocdepu BiHHuIbKOro 061acHoro
LEHTPY 3 Tiapomereoponorii Ha aBox craiioHapuux mocrax (I1C3): TIC3 Ne 1
posrarioBanuii o Bynuil Kuiecbka, 25; TIC3 Ne2 — na Hemupiscbkomy mioce, 29
[3, 4]. ITpoBoANTECSE MOHITOPUHT 15 32a0pyJHIOBAJIbHUX JOMILIOK, 3 HUX OCHOBHI —
3aBHCIII PEUYOBHHHU, TIOKCH] CIPKH, OKCHJI BYTJICIIIO Ta JIOKCH 30Ty 1 crierudiuni —
(dTOpUCTHIT BOJICHD, aMiaK, GOpMAaIIBJIETI/T Ta BiCIM BaXKKHUX METAIIB (3a11i30, KaJaMil,
MaHraH, Miib, HiKelb, CBHHEIb, XpoM, IWHK). OIiHKa craHy 3a0pyJHEHHS
aTMOC(EpHOTO MOBITPS MPOBOIUTHCS LUIIXOM MOPIBHAHHSA 3 BIAOBITHUMH IPAaHUYHO
nonyctumuMiu  KoHneHTpamismu (/1K) pedoBMH y TMOBITpi HAaCENEHWX MICT.
Mexani3Mm oprasizaiii Ta 3iiCHEHHS A€PKaBHOT'O MOHITOPHHTY B Taly3i OXOPOHHU
aTMoc(epHOro MOBITps BU3HA4YEHO Y [6].

Y mumHi 2022 p. B atMocdepHOMY TOBITpI MicTa BiHHHWIIT crmocrepiraBcs
MTOMIPHHUH BMICT JIOKCH]I a30TY, HTOPUCTOr0 BOJAHIO Ta (hOpMaberiay. 3arajaom 1o
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MICTy CepelHs 3a JIMIEeHb KOHIICHTpAIlisl 10 MioKCHA a30Ty repesumryBana ['JIKc,
y 1,7 paza, mo ¢ropucromy BogHio —y 1,6 pasa, popmanbaeriay — 2,4 (tadim. 1).

Tabmums 1. CepemapoMicsdHI KOHIIEHTpamii 3a0pyAHIOBAIBHUX  PEYOBUH
B atMoc(epHOoMy moBiTpi M. Binnums (B kpatrocti I'/IK:,) 3a aumens 2022 p. i
B NIOpiBHsHHI 3 unHeM 2021 p.

Howmepu I1C3 [To micty
Jomimku 1 | 2 2022 pik | 2021pik
cepeHbOMIiCUHI KOoHIIeHTpanii B kparHocTi [JIK
3aBHCJII PCYOBHHU 0,7 0,5 0,6 0,5
JUOKCHU] CIpKU 0 0 0 0,0
OKCHJI BYTJICITIO 0,2 0,2 0,2 0,3
JUOKCHUJI a30TY 2,3 1,1 1,7 2,4
¢dbTopucTHii BOJCHb 15 1,6 1,6 15
aMmiak HE BU3HAYAECTLCS 0,2 0,2 0,2
dbopmanbaeria 2,4 HE BU3HAYAETHCS 2,4 15

3a ingekcom 3a0pynHeHHsi atMochepHoro mositpst (I3A) 3aranbpHuil piBeHb
3a0pynHeHHs y aumHi 2022 p. mo Micty BiHHUIS XapakTepu3yBaBcsl SIK BUCOKHH 1
CTaHOBUB 7,5, ane nemo Hmxanid HixX y 2021 p., komu cranosus 8,1 [3, 4].

Hapasi, 3a manmmu exosoriunoro yar-60oty SaveEcoBot, y wmicti Binaums
BCTAHOBJICHO § CTaHIii MOHITOPUHIY CTaHy arMoc(epHoro moBitps [7].
OCHOBHMMHU JpKepenaMu 3a0pyJHEHHs HOBITpsA y MicTi BiHHMIA € mianpuemcTsa
Xap4oBoi ranysi: Binaunpka konaureperka padpuka ROSHEN, Binanupkuii 3aBoz
($pyKTOBUX KOHIIEHTpaTiB i BUH «CoJoaKa Mpish», BIHHHIILKU MaciioKupKoMOiHaT
(ViOil), Binauipkuii mostoko3aBog ROSHEN Ta Tpancmopr.

MeTto10 AocaigKeHHS € BHU3HAYEHHs SKOCTI aTMOC(EpHOro IOBITPs MicTa
Binnuns Ha ocHOBi (iykTyariiiHoi acuMeTpii JHCTKIB Oepe3n OopojaBuacToi
(Betula pendula).

MeToauka qocaiIKeHHA

JIns BHU3HAUCHHS aepPOTEXHOTCHHOTO HaBaHTAKEHHS Yy Micti BiHHMIg Oyio
3acTOCOBaHO MeTo[ (iToiHAMKALIT, 110 0a3yeThCs Ha MOP(HOTEHETUYHOMY MiJXOIi.
Lei#t miaxix 3acHOBAHO HA BHYTPIIIHBOIH MBI Ty albHIl MiHIHBOCTI MOP(OIOTIYHHX
CTPYKTYp, a caMe, CTyIIeHI NposiBy (DIyKTyaliiiHoi acumMeTpii mucts. BigxuieHHs B
cUMeTpii MoXe OyTH MOKa3HHKOM 3a0pynHeHHs arMocdepHoro mositps. Tooto,
OCHOBHOIO BHMOTIOI0 METOJly € HasSBHICTh Y POCIHH YiTKO BHUPAKEHOI
JIBOCTOPOHHBOI aCUMETPII.

Y MichKOMY CcepeIOBHIII ONTUMAIbHIUMHU Oi01HIMKATOpaMH 3a3BHYAil € IEPEeBHI
POCIIMHY, TOMY LIO Y JepeBHUX (OPM IOPIYHO POPMYETHCS JHCTS i OaraTo BUAIB
Ma€ IIUPOKE PO3MOBCIODKEHHS 1 YITKO BUPAKEHI 03HAKHU, OTIKE, 1€ A€ MOXKIIUBICTh
NPOBOJUTH MOCTiHHMKA MOHITOpUHT. llpuHumMn pocmipkeHHs Oa3zyeTbcsi Ha
MOPYLICHHI CUMETPii JUCTOBOI IIIACTUHKH Y JEPEBHUX (POPM POCIHH MiJ BIUIUBOM
aHTPOITOTeHHOTO (pakTopa. SIK GloiHAMKATOP, SIKHI OYB BUKOPHCTAHHM JIJIS €KCTIpec-
OIIIHKA SKOCTI aTrMochepHOro mOBITpsS Micta Bimaug 3a QiykryariiHoro
acumerpiero, Oyna oOpana Oepesa boponauacra (Betula pendula).
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Hua  nocmimxeHHs MoOppOMETpPUYHHX TapaMeTpiB JUCTS 30ip Marepiamy
MPOBOAMBCS MicCIs 3aKiHYEHHsI iIHTEHCHBHOTO POCTY HANPUKIHII TunHA. Ha KoxkHii
JOCIHiAHIN ainsHI Oyno 3i0paHo no 40 muctkiB. Jlucts Oyno 3i0paHe 3 HUKHBOT
YaCTMHW KPOHW TPHUOIM3HO OAHAKOBOTO PO3MIpy 3 MaKCHMAalbHOI KiTBKOCTI
OOCTYMHHUX TiJIOK Ha PIiBHI MTHATOI PyKHA, BCl IJUCTKHA YIAaKOBYBAJINCH B
MOJIETUIICHOBUH TIaKeT, Y HOTO MOMIMIAHN €THKETKY 3 Ha3BOIO MicLisl 1 1aTh 300py.
JInst BUMIpIB OBKHMHHM YepeIlka, NOBKHHMA 1 IIHMPHHU JIMCTKOBOI ITACTHHKU
BHKOPHCTOBYBAJI BUMIPIOBAIbHUH ITUPKYIH Ta JTIHIWKY, 7151 BUMipPIOBaHHS KyTa MIX
KHUITKaMH BUKOPUCTOBYBABCSI TPAHCHIOPTHD.

PiBenr ¢mykryaniiiHoi acuMmeTpii JIMCTKa BH3HAYalld 332  METOIHMKOIO
B.M. 3axapoBa [8]. 3 KOKHOTO €K3eMIUIIpa 3HIMAIX ITOKa3HUKH 3a IT ATbMa
03HaKaMH 3 JIIBOTO i MPaBoOTo OOKIB JINCTKA. 3aMipH 31 CHIOBAINCS BUMiPIOBAIEHUM
OUPKYJIEeM Ta JiHIAKOIO, 3HAUYE€HHS OTPUMYBAJIM Y CM, KyT MDK >KHJIKAMH —
TPAHCTIOPTUPOM, TTOKA3HUKH BiAMIYaIHCA y TpaIycax.

JIucTku BUMiprOBauCs 32 HACTYITHUMH TIapaMeTpaMu 3 000X CTOpiH:

LIMPHHA TIOJIOBHHH JIUCTKA;

JOBKMHA JIPYTOl BiJl OCHOBH JINCTKA KHJIKH 2-TO TIOPSKY;
BiZICTaHb Mi’K OCHOBOIO IIEPIIOi Ta APYTOi )KMUIOK 2-TO HOPSIKY;
BiJICTaHb MiXK KiHIISIMH TEPIIOI Ta APYTO1 )KUIIOK 2-TO TOPIIKY;

5. KYyT MK OCHOBHOIO XHJIKOIO 1 JPYTrOI0 Bil OCHOBH JIMCTKA >KHUJIKOK 2-TO
TOPSIIKY.

Bennunny acuMeTpii y pocirH BU3HAYAM SIK PI3HUIIO y BUMipax 3J1iBa i cripasa,
BiJJHECEHY /0 CyMH BHMIipiB Ha ABOX cTOpoHax. Crodarky AJisi KOXKHOTO JTUCTKA 3a
KO)KHOIO 03HAKOIO PO3PaxoByBaJIH BiJTHOCHI BEIMYNHH acuMeTpii. J1jist 1iporo, 3ritHo
3 (popmynoro 1, BU3HAYAM BiIMIHHICTH Y BUMipax KOXKHOI 3 I1’TH O3HAK (A;).

bl

__ Xn—Xn

Al = Xn+Xn’ (1)

ne X, — MOIyJb Pi3HUII MiXX BUMipamH 311iBa; X, — MOAYJb PI3HHUII MK BUMipaMH
crpasa.

3a 01OMOroi0 3HaYeHb (PIyKTyaumiiHOi acUMeTpii JIMCTS 3a KOXKHOIO O3HAKOIO
Oyi10 00YHCIICHO TIOKAa3HUK acUMETPii JJisi KosKHOTO JicTKa (Bj), miacymoByroun ix,
OTPUMAaHE 3HAUCHHS JUTWIN Ha KUIBKICTh 03HakK (N = 5), dhopmyrna 2:

. A1+A2+A3+A4+A5
Bi = - . )

[Micns mporo Oynmo BU3HAYEHE 3HAUEHHS KoeQillieHTa acHUMeTpii s KOXKHOI
nociaHoi ainsHKY (Xi) 3a popmyIoro 3:

_ B1+B2+..+Bq
q

Xi , 3)

1€ q — KUIBKICTh JIMCTKIB.

3a cepeiHiM 3HAYCHHIM KOCe(iIliEHTa aCUMETPIT JIUCTSI MOYKHA 3pOOUTH BUCHOBKH
PO SIKICTH TIOBITPSI HA TEBHIM TEpUTOPIi BIAMOBIMHO 0 5-0aMbHOT MIKAIH SIKOCTI
CepeloBHIA IiCHYBaHHS JKMBHX OpraHi3MiB 3a TOKa3sHHKOM (ryKkTyamiiHOi
acuMeTpii BUIIUX pociivH (11 6epe3n 6opomardacToi) (Tabam. 2).
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Tabmumsg 2. bamoBa cucteMa SKOCTI CepeqoBHINA ICHYBaHHS >KMBHUX OPTaHi3MiB
32 IOKa3HUKOM (DITyKTyauiiHOi acCHMeTpii BUIIUX POCIUH

Kinbkicth KoedinienT acumerpii XapaxkTepucTrka Mnopitps
OasiB (X
1 6ax Jo 0,055 Yucte moBiTpst
2 Ganu 0,055-0,06 BigHOCHO YncTe MOBITPS
3 banu 0,06-0,065 3a0pyHeHe noBiTps
4 6ammn 0,065-0,07 CwitbHO 3a0py/IHEHE TTOBITPS
5 baiB binpure 0,07 Hanto cunbHO 3a0pysiHeHe TOBITPs

Pe3yabTaTu 1ociaixkeHn

Jnst pociimkeHHsT 3a0pyTHEHOCTI TOBITpsT Ha TepuTopii micta Binaumsg Oymo
BHUIIGHO IIICTh JOCHIAHWX MUISHOK 3 PI3HUM CTYINEHEM aHTPOIIOT€HHOTO
HaBaHTakeHHS (puc. 1).

JIisIHKOFO 3 HAWOLIBIIUM aHTPOIIOTCHHUM HaBaHTaKEHHSIM € NuisiHka Ne 1, sika
po3TamoBana Oinsl 3ali3HWYHOTO BOK3ajy, TaKOX TOPSA 3HAXOISATHCS KiJTbKa
ABTOCTOSTHOK (SIK CAaMOCTIHI, Tak i OUIS TOPTiBEIbHUX IIEHTPIB).

Hinsaka Ne 2, BijjaneHa Bix LEHTPY MicTa, Apyra 3a CTyleHeM 3a0pyIHEHOCT,
BOHA IMiIA€THCS HE JIMIIE BILUTBY aBTOTPAHCIIOPTY, & TAKOXK 3HaXomuThes Ot [Ip AT
«Rosheny.

Hinsiaka Ne 3 3HaXOAMTHCS B IICHTPI MiCTa, OCHOBHUH BIUIMB HA JKUBI OpraHi3MHu
YHHSTH BUKHU aBTOTPAHCIIOPTY.

Hinsiaka Ne 4 po3ramioBana Ha TepUTOpii MapKy, 01 ceniTeOHOT 30HU.

Hinsaka Ne 5 3HaxomuThest 3a MicToM, ii orouye nicoBuil macuB. IIpote, He
JUBJISSYUCh Ha BIJJIAJICHICTh MNUISHKMA BiJ MICTa, TYT CIIOCTEPIra€Tbes AOCUTh
IHTEHCUBHHI PyX aBTOTPAHCIIOPTY Ha TI03aMiChKiil aBTOMarictTpali.

Hinssaka Ne 6 3HaXOOWTHCS HAa OKOJHUII MiCTa, ajie pyX aBTOTPAHCIOPTY TYT
JIOCUTH IHTEHCUBHUH.
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Puc. 1. Kapra-cxema T0OCTiTHAX AUITHOK

VY tabn. 3 HaBeneHa y3arajJbHEHa XapaKTEPHUCTHKA AOCHITHMX [IUISHOK Ta
IHTEHCHBHICTB PYXy aBTOTPAHCIIOPTY 10 KOXKHIN IiJISHIII.
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Tabmurs 3. XapakTepuCcTHKA TOCTITHUX JUTSTHOK

[HTEeHCHBHICTE PYXy

. Ne XapaxTeprcTika aBTOTPAHCIIOPTY, 2022/2021
TUITSTHKA aBTo/TON (x)
2021 2022

Hingaka 1oOmMu3y  3ai3HAYHOTO

1 BOK3aJIy, TAKOK MOPSI/T PO3TAIIOBaHi 6132 6252 1,019
KiJIbKa CTOSTHOK

2 Jinsuka noomusy TpAT «Rosheny 3927 4021 1,023
ILenTp MicTa, OCHOBHE JKEPEIIO

3 3a0pyIHEHHS — BHKHIU aBTO- 3705 3744 1,010
TPaHCIIOPTY

4 Jinsuka Ha Teputopii mapky, Oins 974 935 0.96
CcelliTe0HOro paiioHy ’
JinsHka, 110 3HAXOMUTHCS 3a

> MEXEI0 MiCTa, JTICOBHI MacHB 2539 2756 1,085

6 Paiion 3 mocuiaeHUM — pyXoM 4546 4632 1,018

ABTOTPAHCIIOPTY

B pesynbrari npoBeneHHs! JOCTIIKSHHS aepOTEXHOTEHHOI0 3a0pyIHEHHS MicTa
Binnuiis 0yn0 po3paxoBaHO CepeiHii KOeillieHT acCUMETPil I KOXKHOT JTOCITITHOT
nimstaky B 2021 Ta 2022 pp. (puc. 2, 3).
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Puc. 3. 3nHauenss cepeaHboro koedinieHTa acCuMEeTpil IMCTKIB Ha JOCIIIHUX AUITHKaX y 2022 p.
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BigmoBigao n0 06amoBoi cHCTEMH SKOCTI CEpEeNOBHINA ICHYBAHHA JKHUBUX
OpTraHi3MiB 3a MOKa3HUKOM (MIyKTyauiHOi acuMeTpii BUIIMX pociuH (111 Oepesn
0opomapyactoi) (Tadi. 2) BU3HAYCHO PiBEHb aCPOTEXHOTCHHOTO 3a0py/THCHHS.

[IpakTrgHO TO YyCIX MAOCHIAHUX MJUISHKAaX CIIOCTEPITa€ThCA 3POCTaHHS
koedimienTa acumetpii y 2022 p. y nopiBasHHI 3 2021 p. Haiibinbme 3poctanas
KoedillieHTa acUMETpii CIIOCTEpiraeTbcss Ha MOCHimHIN minstHIi Ne 1, mo mMoxHa
TTOB’3aTH 31 301IBIIEHHAM PiBHS TPAHCTIOPTHOTO HAaBaHTaXCHHS (Ta0IMI. 3).

Takox 301TbIIUBCS KOS(IMIEHT acUMETpii Ha AocmigHii mitsaImi Ne 2, 5, 6, mo
TaKOX MOYKHA TIOB’S3aTH 31 30UIbILICHHAM IHTCHCUBHOCTI PyXy aBTOTPAHCHOPTY Y
JaHUX paioHax.

Haiimenmmii mokazauk koedimienta acumetpii y 2021 p. crmocrepiraerbes Ha
nociiaHii miasHm Ne 3, HaiOinbmmi — Ha gitsHIi Ne 1. Y 2022 p. HaiOunbmmit
MOKa3HUK CIIOCTEPIraeThCs TakoK Ha MIstHIN Ne 1, HaiMeHImi — Ha AuUtsHI Ne 3,
Ha puc. 4 BigoOpaxena nuHamika 3MiHH KoedillieHTa acuMeTpii aucts Oepe3u
6opomasuacroi y 2021 i 2022 pp.
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Puc. 4. Inaamika xoedirmienta acumertpii 2021-2022 pp.

3 MEeTOI0 BH3HAYCHHS 3B 53Ky MK Koe(illieHTOM acHMeTpii Ta TPaHCIIOPTHUM
HaBaHTa)XXEHHSM OYyII0 CTBOPEHO perpeciiiHy Mozens (Tadi. 4).

Ta6munst 4. Po3paxyHok mapameTpiB piBHSIHHS perpecii

No 2022/ Po3paxyHkoBi Teoperiane KBangaT
JT— 2021 X BEJIMYUHU SHANCHRS § ~ BIIXUJIEHD _
) yX y’ x? F-yew) | (v-9)
1 1,27 | 1,019 | 1,299 | 1,623 | 1,04 1,075 2,84E-08 | 0,03937
2 1,04 | 1,023 | 1,065 | 1,082 | 1,049 1,080 1,96E-05 | 0,00156
3 1,04 | 1,010 | 1,055 | 1,089 | 1,021 1,066 9,40E-05 | 0,00050
4 0,9 0,96 | 0,873 | 0,827 | 0,922 1,013 3,97E-03 | 0,01062
5 1,07 | 1,085 | 1,16 | 1,142 | 1,178 1,145 4,80E-03 | 0,00578
6 1,12 | 1,018 | 1,138 | 1,248 | 1,038 1,075 7,31E-07 | 0,00180
> 6,453 6,2 6,664 | 7,012 | 6,41 6,453 0,01036 | 0,0596
Cepenne | 1,076 | 1,033 | 1,11 | 1,169 | 1,069 1,076 0,00148 | 0,0099

Po3paxyHok mapHoro koedimienta kopensmii (r = 0,927) moka3zaB BHCOKHI
CTYHBb 3B’S3Ky MDK aHalli30BaHMMH I1apaMeTpamH. Pi3HHIS MK 1HIEKCOM
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Kopemsmii Ta KoedirienToM Kopensmii Menme 0,1, Tomi 3B’SI30K BBaKaTH
npsaMoniiianM: [ - ¥ = 0,976-0,927 = 0,049. Orxe, B SKOCTI MOjmETIl MOXHA
BUKOPHCTOBYBaTH perpeciiine piBusaus y = 0,00124 + 1,053 * x.

BucHoBku

1. 3a pesympTaTaMu JBOPIYHOTO MOCITIIKEHHS (IYKTyamiiHOT acHMETpii JIHCTS
Oepesn 0OpoIaBUACTOl ITPOAHATI30BAHO 3MIHU SKOCTI MOBITPS y MicTi Binanms. 3a
0aloBOI0 CHCTEMOIO SIKOCTI CepelOBUINA ICHYBaHHS JKMBHUX OpraHi3MiB 3a
MOKa3HUKOM (MIYKTyaliiHOI acHMeTpil BUIIKMX POCIMH BCTAHOBIIEHO, IO B IEHTPI
Mmicta (mocmimHa minmsiHka Ne 3) piBeHb 3a0pyAHEHHS MOBITPS HU3BKHNA, TOOTO B
BOMY PaliOHI CIIOCTEPITaeThesl MiHIMAIbHE apOTEXHOTEHHE HaBaHTaKeHHsL. J{yske
BUCOKHU piBeHb 3a0pyIHEHHS TMOBITPS BCTAaHOBICHHH Ha IUISHII MOOIN3Y
3aIi3HIYHOTO BOK3ay (mociigHa aimsaka Ne 1).

2. Perpeciiine piBasHHs ¥ = 0,00124+1,053*X moka3ye 3alexHIiCTh 3MiHU
koedimienta acumetpii (¥) Bia 3MiHM TPaHCIIOPTHOTO HABAHTAXEHHS 1 HOTO MOXKHA
BUKOPHCTOBYBaTH [Jisi BU3HAYEeHHS 3MiH IHTCHCHBHOCTI PyXy TpaHCIIOPTY B
3alIe)KHOCTI BiJ AWHAMIKKA (IyKTyaridHOI acuMeTpii, MO0 € BAKIUBUM IS
JIarHOCTHKY CTaHy MiCHKOTO CEPEIOBHINA i HAJITACTh MOXKIIUBICTh IBUIKO Ta 3PYYHO
BH3HAYATH TUHAMIKY 3MiH a€pOTEXHOT€HHOTO HABAHTAXKEHHS Ha YPOOEKOCHUCTEMHU.
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OVERVIEW OF THE TECHNOLOGIES OF THE COLLECTION,
TRANSPORTATION, RECOVERY AND DISPOSAL
OF MUNICIPAL SOLID WASTE

Abstract. Solving the problem of the lack of effective technologies for the recovery
of solid municipal waste consists, first of all, of the construction of an effective
technological scheme for the collection, transportation, recovery and disposal of
municipal waste. Achieving the goals of reducing the volume of municipal waste
disposal to 30% in 2030, which are set by the National Strategy for Waste
Management in Ukraine until 2030, is possible by applying coordinated
technological stages of collection, transportation, recovery and disposal of
municipal waste in settlements and territorial communities.

Research is aimed at organizing effective and unified management of solid waste
flows, their proper storage, collection, transportation, processing, and disposal
taking into account the resource potential of solid waste, the need and feasibility of
implementing a certain technology for processing, recovery and disposal of waste,
taking into account its characteristics and application limitations, and the need to
minimize the environmental burden associated with waste.

The purpose and task of this publication are to describe the complete technological
cycle of waste management and establish a sequence of unified methodical
approaches to the stages and technological processes of solid household waste
management (collection, transportation, recovery and disposal).

Key words: municipal solid waste management; municipal solid waste; municipal
solid waste collection; transportation; recovery; disposal; mixed municipal solid
waste
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! Kuischkuii HanioHanpHUl yHiBEpCUTET 6y IiBHUITBA i apXiTekTypH, M. Kuis, Ykpaina
2 JlepsxaBHe mignpueMcTBo «HaykoBo-JOCHiaHME Ta KOHCTPYKTOPCHKO-TEXHOJIOTIUHHIA
IHCTHTYT MiCBKOTO TOocTioiapcTBay, M. KuiB, Ykpaina

OI'JISAJ TEXHOJIOI'T 3BUPAHHS, IEPEBE3EHHSI,
BIJHOBJIEHHSA TA BUJAJIEHHS TBEPAUX IOBYTOBUX BIAXOAIB

Anomayin. Bupiwenns npobremu 6iocymnocmi Oi€6uUX MeXHONIO2IU BIOHOGNIeHHS
meepoux nobymoeux 6i0xoodie nojsicac Hacamneped y nodyoosi epexmugHol
MEeXHON02IUHOI  cxeMu 30uUpanms, nepese3ents, GIOHOGNEHHA MA BUOALEHHS
nobymosux 6i0xo0is. [ocseanns yinen 3i 3MeHWEHHS 00CS2y 30XOPOHEHHS
nooymosux 6ioxodie oo 30% y 2030 poyi, saxi ecmanoeneni Hayionanvhoro
cmpamezielo ynpagninua eioxodamu 6 Yxpaini do 2030 poky, moociuso npu
3ACMOCYBAHHI 8  HACENeHUX  NYHKMAX,  MepumopianibHux  epomaoax
83AEMOY3200MCEHUX MEXHONOSTUHUX emanie 31 30UpaHHs, nepeseseHHs, GiOHOBIEeHH S
ma euodaneHHs noOymosux 8ioxoois.
Hocnidocenns cnpsamosani Ha OpeaHizayiio egexmusHoco ma YHIQIKOBAHO20
ynpaeninksi  nomoxamu  TIIB, ix wHanedxcHozo  30epicanns,  30upamHs,
MPAHCROPMYBAHHSL, 0OPOONEHHS, 6UOAIEHHS, BPAXOBYIOUU PeCyPCHULl nOmeHyia
TIIB, HeobxiOHicmb ma OOYLNbHICMb  BNPOBAONCEHH NEGHOI  MEXHON02I)
006pobnenns,  GiOHOBNIEHHs ~mMdA  BUOANIEHHA — GIOX00I8 3  Ypaxy@auwam it
xapakmepucmux i 00MedCeHb 3ACMOCY8AHHS Ma HeoOXIOHicmb  MiHIMIzayil
HABAHMAIICCHHS HA O0BKIIIA, NO8 SA3AH020 3 810X00AMU.
IHpusnauenns ma 3a80annsn 0anoi nyoaiKayii — ye onuc NOBHO20 MEXHOIO0IYHO20
YUKTY YAPAGNIHHA 8i0X00amMu mMa 6CMAHOGIEHHS NOCHIO08HOCMI YHI(IKOBAHUX
MemooOuyHUx nioxodi@ 00 emanie ma MmMexHONO2IUHUX NpPOYeci8 YNpPAGIiHHSA
meepoumu noOymosumu 8i0xoo0amu (30Upants, nepeseseHHsl, BGIOHOBNEHHS Md
BUOAICHHSL).
Knwouosi cnosa: ynpasninns nobymosumu eioxodamu, nobymosi 6ioxoou;
30upanms; nepeseseHts,; IOHOBIEHHS, BUOALCHHS, 3MIUAHT ROOYMO8I 8i0X00U
DOI: https://doi.org/10.32347/2411-4049.2022.4.53-71

Beryn

IMocranoBka 3aBaanHs. 3a oniHko0 MiHperiony B Ykpaini 3a 2021 pik yTBOpHIOCH
noHaz 51 miaH M° 1oOyTOBHX BifX0iB, 200 MoHaz 10 MJIH TOHH, SIKi 3aXOPOHIOKOTHCS
Ha 6 THC. CMITTE3BAIUIIL i ITOJIITOHIB 3arajibHOO TIIOIIEI0 Maibke 9 Tuc. ra [1]. Titbku
79% HaceneHHsI YKpaiHi OXOIUIEHO TOCIYTraMH 3 BHBE3EHHS TOOYTOBHX BiJIXO/IIB.
B 172513 29 711 HaceneHUX MyHKTIiB BIPOBAHKEHO PO3AUIEHE 30MpaHH TOOYTOBHX
BiJIX0/1iB, MOOYI0BaHO 34 CMITTECOPTYBaJIbHI JIiHIi, i€ OJWH CMITTECTIAIIOBAIBHUI
3aBoj (3aBoj «Eneprisy, M. KuiB) Ta Tpu CMITTECTIAIOBAIbHI YCTAHOBKU. 3arajioM B
VYkpaini nepepobieHo Ta yTHIIi30BaHO Onu3bko 7,64% moOyTOBMX BIIXOIIB, 3 HUX:
1,14% cnaneno, a 6,5% moOyTOBHX BiIXOZIB MOTPAIIMIIO HA 3arOTiBEIbHI MyHKTH
BTOPUHHOT CHPOBWHH Ta CMITTENEepepoOHi iHii [1].

KinbkicTs nepeBanTakeHUX cMiTTe3BaHI] cTaHOBUTH 230 o7. (3,8%), a 824 ox.
(13,8%) He BiANOBIAaIOTH HOPMaM €KOJIOTiYHOI Oe3mneku. 3 371 cMiTTe3BaIuINa, SKi
MOTPeOYIOTh PEKYJIBTHUBALIT, (PAKTHUHO PEKYJILTHBOBAHO TUILKY 29 0quHHIb [1].

Takum yrHOM, TinBKH 7,64% TOOYTOBHX BiIIXOIIB BiTHOBIIOIOTHCA, a 92,36%
BiJIXOJIiB 3aXOPOHIOIOTh Ha MOJITOHAX Ta CMITTE3BaHIaX. JJoMiHyIOUMM criocoboM
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[IOBO/IKEHHS 3 TOOYTOBUMH BIIXOJaMHU 3AJIMIIAETHCS iX 3aXOPOHEHHS Ha MOJIIrOHaX
Ta CMITTE€3BAIMINAX. BHACHiIOK BiJICYTHOCTI JI€BOI CHUCTEMU IIOBODKCHHS 3
MoOyTOBUMH BIIXOJaMH IOPOKY YTBOPIOETHCS MOHA[ 27 THC. HECAHKLIOHOBaHHX
cMiTTe3Basmm [2].

BincyTricTh po3BHHYTOI 1HQPACTPYKTYpH 3 MepepoONeHHs Ta e(eKTHBHOL
CHCTEMH PO3A1IBHOr0 30MpaHHs MOOYTOBUX BiAXO1B IPU3BOIUTH 10 BTPATH LiHHOI
BTOPUHHOI CHPOBHHHM, IO MICTUTHCS y 3MIMIAHUX TOOYTOBUX BiAXOmax, fAKi
MOTEHIIHHO MOXYTh OYTH BBEIEHI y Trocmomapchkuii o6ir. Po3BuTOK cucTem
pO3AUTLHOTO 30UpaHHS Ta NEPEePOOJICHHS BIJXOJIB € HEBiJ €EMHOK YaCTHHOKO
migBUIIEHHST e()eKTUBHOCTI BHKOPHUCTAHHS MPHUPOAHUX PECYPCiB 1 mepexony o
CTaJI0i EKOHOMIKH.

PoGota BHKOHYETHCSI B paMkax peanizauii HamionansHoi cTparerii ynpapiiHHS
BimxogamMu B Ykpaini nmo 2030 poky, cxBaieHoi po3mopsupkeHHAM Kabinery
MiwnictpiB Ykpaiau Ne 820-p Bix 8 muctonana 2017 poky.

AHaJji3 ocTaHHIX AociaimkeHb i myOuaikamiii. HeoOximHocTi BmpoBampkeHHs
PO3ITBHOTO 30MpaHHs MOOYTOBMX BIAXOIB 3 ypaxXyBaHHSIM IOJAIBIINX CTaIliB
nepepoOIeHHs Ta BUIAJICHHS IPUIUIAEThCA yBara B gociimkeHasx JI. Hamagoscrkoi,
A. TTamkoBa, 1. Kopuienko, A. Korma, O. Hlekens, JI. [llepyenxo [3-5].

B wmonorpadii naykoBmie B. CaBymska Ta O. bepesiok mnpuaineHo ysary
MUTaHHSAM 3a0e3NedyeHHs] eQEeKTHBHUMH MallMHAMH Ta MEXaHi3MaMH sl
BHPIIIEHHS MPOOJIeM HaKOMUYEHHS TBEPAUX MOOYTOBUX BiAXOJIIB HA MOJITOHAX Ta
CMITTE3BANIMIIAX. ABTOpaMH 3aIPOIIOHOBAHO BHUJIIIMTH Ta MOCIIJOBHO PO3IIISIATH
TpH CTafii >KUTTEBOTO IMKIY BiJXOMiB: YTBOPEHHs, 30MpaHHS Ta IEepPEeBE3CHHS;
COPTYBaHHS Ta IMiJArOTOBKA 710 TIepepoOKH; iepepodKa Ta yrumizaiis [6, 14].

s 3abe3neueHHs eeKTUBHOTO MEepeBe3eHHs MOOYTOBHUX BiIXOIiB Ha BEJHKI
BIJICTaHi1 Ta Y3TOJDKEHOCTI 3 eTaroM NepepoOKH Ta yTWii3amii BiIXOAiB B poOOTi
JI. CaBuenko, lO. JIs4eHKO TPOMOHYETHCSI JIBOETAIIHA CXeMa IepeBE3CHHs
moOyTOBUX BiIXOMIB [7].

FO. MartBeeB 1a I'. ['eneryxa 3a3HauaroTh, MO PO3JUTEHE 30MpaHHS, TOBTOPHE
BUKOPUCTAHHS Ta PEUMKIIHT PO3BUBAIOTHCS OJHOYACHO 3 EHEPreTHYHUM
BUKOPHCTAHHSM TBEpAUX MOOYTOBUX BIAXOJiB, KOHKYPYIOTh MK COOOI 3a
CHUPOBHHY, aJI€ HE BUKJIIOUAIOTh OJJHE OJHOrO [8§].

daktopu, SKi BIUIMBAIOTH HAa Y4acTh Yy COPTYBaHHI MOOYTOBHUX BiJXOJIB,
mpoaHai3oBadi B [9], onTuMansHy cxeMy 300py Ta TpaHcmopryBanHs TIIB, ska
¢dokycyeTbca Ha mpoOieMi MiHIMi3awii MOBXHHM KOXKHOTO MaplipyTy 300py Ta
TPaHCHOPTYBAHHS BIIXOIB, po3risiHyTo B [10].

BapianTi po3po0sieHHX, 3alpOIOHOBAaHUX JI0 BUKOPUCTAHHS Ta SKi BXKe
MPAaKTUKYIOTHCS y MICBKUX LEHTPaX, EKOHOMIYHO JOUIIBHUX, EKOJIOTIYHO CTIMKHX,
COIIIAJILHO 3PYYHUX Ta TEXHOJIOTIYHO OHOBIICHUX CUCTEM 30MPaHHS Ta MepeBe3eHHS
TIIB po3rnsayTi B [11].

VY nitepaTypi 3ampOIIOHOBAHO KilbKa MOKAa3HHKIB sl OLHKH CHCTEM 300py
TIIB. Lli iHCTpyMEHTH OL[IHKH BPaxOBYIOTb JIMILIE AESIKi aCIEKTH, SIKi BIUIUBAIOTh Ha
e(eKTHBHICTh poboTH cuctemu 300py. B [12] 3anpononoBanuit Habip JErKUX JUIst
pPO3paxyHKy TIOKa3HHUKiB, SKi HOAONAIOTh L€ OOMEKEHHS, BPAaXOBYIOUH 5K
XapaKTePUCTUKY 310paHuX BiIXO/iB, TAK 1 EKCIUTyaTaliiHO-eKOHOMIYHI TOKa3HUKH.
VY [13] npomoHy€eThCcsl CKOPUTOBAHA BEPCisl MOMYIISIPHOI METOIUKHM BHMIipIOBAHHS
¢(EeKTUBHOCTI aHaJi3y OXOIUICHHS IaHUX, sIKa Ja€ 3MOTY OIL[IHHTH €KOHOMIYHY
e(eKTHBHICTh MyHIIMIIATITETIB Y 300pi Ta mepepoO11i 6arateox ¢ppakiiii HoOyTOBUX
BIIXO/IB, MIABUIITUTH ¢(DEKTHUBHICTH BUTPAT OIIHKY BILUTUBY TIOMHJIOK BUMipIOBaHHS
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B JaHUX a00 MYHINUTIANITETaX 3 Bi/IaJICHIMH Ta HETUIIOBUMH ITOKa3HUKAMH (SIKIIO
BOHH ITPHUCYTHI y BUOipIii). MeTouka [13] Takok 3aCTOCOBYETHCS /IS BUTIPABICHHS
OLIIHOK Ha BiAIMIHHOCTI B p0O0OYOMY CepeIOBHILI MyHIIUTIATITETIB (HAPUKIA, TaKi
(hakTopwu, 5K geMorpadis Ta cepeHiil JoXia HaceIeHH MyHIIIUTIATITETY).

CkopoueHHsT 0O0CSTiB, BIAHOBICHHS pECypCiB, OIIIHKY BIAXOHIB, OXOPOHY
HaBKOJIMIITHLOTO CEPEJOBHINA Ta PEKYJIBTUBAIII0 TEPUTOPIl IJIS PO3BUTKY MICT
obrosopeno B [14-20].

Merta gocJaigKeHHS

BceranoBienHst ocmiAOBHOCTI yHI()IKOBaHUX METOAWYHHX MIAXOMIB /IO €TaIiB Ta
TEXHOJIOTIYHUX MPOILIECIB MOBOKEHHS 3 TBEpAMHU ToOoyToBUMH Bigxonamu (TIIB)
(30upaHHs, TIEpEBE3CHHS, BIJHOBICHHS Ta BHUIAICHHS), BU3HAYCHHS 3arajlbHUX
CKJIAJIOBUX KOJKHOTO 3 eTamiB moBokeHHs 3 T1IB, po3BUTKY Ta miABHINEHHS SKOCTI
HaJaHHA MOCHyT y cdepi ynpasiinHsa modytosumu Bigxonamu (I1B) B Hacenennx
MyHKTaX [MUISXOM BIPOBAKCHHS CHCTEMHOIO IMiIX0AY J0 YIPABJIiHHS BiJX0J1aMHU,
cnupatounuch Ha HamioHanbHY CTpaTeriio yIpaBIiHHS BigXOZaMH Ta YHHHE
3aKOHOJIaBCTBO Y KpaiHU.

Pe3yabTaTi 10CaigKeHHS

Cucrema ynpasninasg TIIB (BimnosigHo no 3akoHy Ykpainm «Ilpo ympaBmiHHS
BIZIXOZ]aMU») — 1€ KOMIUIEKC 3aXO/iB i3 30MpaHHsl, nepeBe3eHHs Ta oopodnenns [1B,
BKITIOYAFOUH CTBOPEHHS 00’ €KTIiB X 00poOIeHHS, B T.4. 00’ €KTiB BUJAJICHHS BiIXO/IIB.

30upanHs no0yTOBHX BiaAXoaiB

(BKITIOYAIOYM PO3JiIbHE 30MpaHHs) MOJSrac y BHIJIYYEHHI, HAaKOMWYEHHI Ta
30epiranni TIIB 3 MeTor0 momanpIIoro mepeBe3eHHs 10 00’ €KTiB 00pOOIeHHS Ta Mae
BiZIOyBaTHCS 3 BUKOPHCTAHHIM HE3MIHIOBAaHUX (CTAI[lOHApHHX) Ta/ab0 3MiHIOBAaHHX
(HecTalliOHApHUX)  CMITTE30IPHUX  KOHTCHHEPIB  BIAMOBIIHO IO  BUMOT
JACTY 8476:2015 «KouTelinepn mamsi TOOYTOBMX BIiAXOZIB. 3araibHi TeXHIUHI
BuMorm». Jlnst 30MpaHHs BiAXOMIB HA THUX TEPHUTOPISX HACEIIEHWX ITyHKTIB, [€
oOMexeHa MOKIIMBICTB TIPOI3/1y CMITTEBO3HOTO TPAHCIIOPTY Ta HOTO MaHEBPYBaHHS,
3aCTOCOBYETHCSI OC3KOHTEHHEPHUIT METOA LUIIXOM BUKOPHCTAHHS IOJIIETUIICHOBUX
nakeTiB (mimkiB). Cucrema 30upanHs 1B Brirouae 00OB’SI3KOBE BIPOBA[KEHHS
TUTAHOBO-PETYJsIpHOi cucteMu 30mpanHs [IB Ta oOmamrtyBaHHS KOHTEHHEPHHX
MalIaHYMKIB y BIAMOBIAHOCTI JO BUMOI YMHHOIO 3aKOHOJABCTBA, B TOMY YHCII
JCanllin «/lep>xaBHi caHiTapHi HOPMH Ta MPAaBWJIA yTPUMAaHHS TEPUTOPIl HACEIEHUX
MicIby, 3aTBeppkeHi Hakazom MO3 Ykpainu Ne 145 Big 17.03.2011 (3apeecTpoBaHo
B MinicrepctBi toctuiii Ykpaiam 05.04.2011 3a Ne 457/19195). Cwmitre30ipHi
KOHTEHHEPH MalOTh PO3MilIlyBaTHCh HA KOHTEHHEPHUX MaliJaHUMKaX, 00IaIITOBAHUX
BigmosigHo 1o Bumor JCTY-HB B.2.2-7:2013 «HacranoBa 3 ynamrtyBaHHS
KoHTelHepHuX MakaanurkiBy Ta JICanllin «/lep)kaBHi caHiTapHi HOPMH Ta IpaBUIIa
YTPUMaHHs TEPUTOPii HACEIICHUX MiCLb».

JonaTkoBo 10 KOHTeHHepHOi cuctemu 30upanss [1B MatoTs OyTH cTBOpEHi:

— CHeriaizoBaHi KOMyHaJIbHI ITyHKTH TTPHMMAaHHS BixoaiB (y BiIMTOBIAHOCTI J0
HawmionansHoi Crparterii ynpaBiiHHS BigXoJaMH), sIKi MOXYTb NPUMMaTH TiIBKH Ti
BiIXO/IM, JUIS SIKMX € HAasBHI TEXHOJIOTii Ta ICHYIOTH Jif04i MiANPHEMCTBA 3 IX
00po0IIeH s, Ta 3 BIATIOBITHAM OOTPYHTYBAaHHSIM — BUKOHYBATH JOJATKOBI (PYHKITIT;

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npupogokopuctysanss, Ne 4 (44), 2022



— TIyHKTH 30WpaHHs BiAXOIB JJIsl TOBTOPHOTO BUKOPHCTAHHS Ta MepepOOIICHHS —
JUTst 30UpaHHS 1 MOYKJIMBOCTI TOBTOPHOTO BUKOPUCTAHHS MEOJIiB, MOOYTOBOT TEXHIKH,
OJSITY Ta 1HIIMX TOBApiB, SKi Oy y BKUTKY. Lli MyHKTH MOXYTh CTBOPIOBATHCH SIK
CKJTazioBa 00’€MHO-TIPOCTOPOBOTO IDIaHYy CIIEIiali30BaHUX KOMYHAIBHUX ITyHKTIB
30MpaHHs BIOXOMiB (IJI1 TUX HACEICHWX IIyHKTiB, JI¢ BOHM BXKE CTBOPEHi) 3
BiZIOKpEeMJICHUM NPUMIILIEHHIM, 800 OKpEMO, HacaMmIiepe1 B 00JIaCHUX LICHTpaXx;

— IMeHTpH 13 30WpaHHS BIOXOMIB I iX PEMOHTY 3 METOI IMOBTOPHOTO
BUKOPUCTaHHS — TepenbavaroTbes Hacamnepen s BEEO, ix  poninbeHO
OpraHi30BYBaTH SIK JOAATKOBHI OJIOK O CIHELiani30BaHMX KOMYHaJIbHUX ITyHKTIB
30MpaHHs BiIXO/IiB B 00JIACHUX IICHTPAX.

Cucrema 360upannas TIIB Big momorocmogapcTB Ta 3 iHIIHX JHKEPEN, SKIIO IIi
BIJIXOJM MOAIOHI 32 CBOIM CKJI3JIOM JI0 BIJIXOJIB JOMOTOCIIOAAPCTB, BiI0OYBA€EThHCS
HACTYITHUMH HIISIXaMU:

— 30upanus 3mimanux TTIB (Hepo3ainbHO 3i0paHuX MOOYTOBHX BiAXO/iB);

— posnainbHe 30upanns TIIB.

36upanns 3mimanux TIIB — icHytoua npakTuka, sika He Tiepeadadae BUKOHAHHS
mpotiecy obpoOieHHs, a nependadae mqocraBky 3i0panux TIIB 6e3mocepennnro Ha
nosiron TTIB.

30upaHHs pO3AUTHHO 310paHuX BiIXOIIB — € TIEPIIIIM KPOKOM €TaIry 00poOIeHHs
BIIXOJIB Ta Ma€ Ha METi iX mojanbiine oOpoOiIeHHs (NOBTOpHE BUKOPHUCTAaHHS /
PEIUKITIHT / 0OpOOJIeHHs) — IIe eTall, SIKUK 00OB’S3KOBO Ta HEBIJl'EMHO IEPEIye
etarty oopoOaenHs [1B, Oe3nocepeHbO 3aJICKUTh BiJ| MPUIAHATOT TEXHOIOTTUHOL
cxeMu 0OpOOJIeHHS Ta € TOYaTKOBUM eTarioM o0pobnenHs [1B. TexHnonoriuna cxema
30upanus [1B BU3HAYAETHCS MiCHIS TPUHHATTS TEXHOIOTIYHOT MOJIeNli 00pOOIIeHHS
(BimHOBJICHHS Ta BUaajeHHs) [1B BiAMOBIHO 10 3aIUTaHOBAHKMX OIEPAIIii.

Pozninpae 30upanHs sSK mepmuil Kpok etarmy oOpoOnenHs [IB 3aGesneuye
e()eKTUBHICTh BCHOTO MPOIECY OOpOOICHHS, TOMY IS TiABUIIECHHS e(eKTHBHOCTI
po3aiibHOro 30upanHs Beix BuAiB TIIB € BakIMBUM NMPOBEICHHS Ha IMOCTIHHIN
OCHOBI TyOJNIYHMX Ta OCBITHIX akmiid 31 30MpaHHA OKPEMUX KOMIIOHEHTIB i3
3aTydeHHSIM MEIIKaHIIIB HACEIIEHOTO IMyHKTY, CTBOPEHHS iHPOPMAIIHHAX pecypciB
y COIIaJIbHUX MepeXax 3 METOI TNOmyJsIpu3alii eKoOCBITH Ta 0a30BUX i
MEIIKAHI[B [[0JI0 MOBOPKEHHS 3 BiJIXOJaMH, CTBOPEHHS OCBITHBOTO MPOCTOPY 3
METOI MOmyJIApH3alii 0a30BHX 3HaHb HIOA0 HAMKPANIMX MPAKTHK YIPaBIiHHSI
BiJIXOJIaMH Ta pO3pOOJICHHsI MyONiYHHX TPOCBITHIX (JOBIIKOBUX) MarepiaiiB 3
OITMCOM il MENIKaHIIB 1010 MOBOKeHH 3 [1B.

Mogeni po3aineHoro 36upansst TIIB ¢opMyroTecs B 3a1€XKHOCTI BiJ MPUHHATOT
MO/IeJIi MOBOKEHHS 3 BIIXOJaMHU Ta MOXYTh BKJIIOUAaTH B ce0e po3iibHe 30MpaHHs:

— 0a3MCHO PeCypCOIIHHUX €JIEMEHTIB (IaIip, KapTOH, IUIACTHK, CKJIO, METall,
YIIaKOBKa, IEPEBUHA, TEKCTHIIb TOILO);

— O10BIIXO/IB;

— Hebesneuynux BigxoniB (HB) y cknani moOyToBux;

— BIJXO/iB €JIEKTPUYHOTO Ta eleKTpoHHoro obnanHanus (BEEO);

— BenmKorabapuTHux Bigxonis (BI'B);

— pemoHTHUX Binxoxis (PB);

— 1HIIUX BIOXOJIB.

30upaHHs 3MilIAaHUX TMOOYTOBHMX BiaAXodiB BIIOYBaeTbCcS 3a IIAHOBO-
PETYISIPHOIO CHCTEMOIO 30upaHHS MOOYTOBHX BigXOHiB — B OXWH KOHTEHHEp
BIMOBIAHO 110 «METOAMKH pPO3MITBHOTO 30MpaHHS MOOYTOBHX BIJAXOJIBY,
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3arBepmkeHoi Hakazom MiHicTepcTBa perioHalbHOTO PO3BUTKY, OYIIBHHUIITBA Ta
KHUTIOBO-KOMYHAJIbHOTO  rocmojapctBa Ykpainm Ne 133 Big  01.08.2011
(3apeectpoBany B MinictepcTBi rocTuii Ykpainu 3a Nel1157/19895 Bix 10.10.2011).
Jlnist 30upaHHs BCTAHOBIIOIOTHCSI KOHTeHepH MoOinpHOTo THITy KMIT Kinacis 2-4 3a
JACTY 8476:2015. O6pannst tumy koHtewHepiB mia TIIB Ta ix po3cTaHOBKH
3MIACHIOETHCS CaMOCTIMHO OpraHaMH MICIIEBOTO CaMOBPSIYBaHHS B MEXax
KO>KHOT'O HACEJICHOTO MyHKTY.

Pozninbae 30upanHas moOyTOBUX BiIX0AiB, MPU3HAYEHUX AJS MATOTOBKHU 10
MOBTOPHOT0 BUKOPHCTAHHS TA PENMKJIHTY, MOXE 3IMCHIOBATUCS ILISIXOM
PO3AUTLHOTO 30MpaHHsI 32 KOHTCHHEPHOIO CUCTEMOIO 32 TEXHOJIOTTYHUMHU CXeMaMHu
BIIMOBIAHO 70 «METOONKH pPO3IIIBPHOTO 30MpaHHA TOOYTOBHX BIAXOMIB» Ta
PO3AUILHOTO 30MpaHHS B CICIiATi30BaHUX KOMYHAIBHHMX IYHKTaX MPHHMAaHHS
Bixo/iB. Po3ninpHe 30upaHHs MOOYTOBUX BIAXO/IIB, IPU3HAYCHUX JIJIS TTiATOTOBKU
JI0 TIOBTOPHOTO BUKOPUCTAHHA Ta PEIUKIIHTY, 3MIHCHIOEThCA HA MICIIEBOMY PiBHI
Ta BKIIOYa€ BCTAHOBJICHHS OKpeMHX KoHTeWHepiB amsa [IB, mpusHadeHux mis
MiATOTOBKH 10 TOBTOPHOTO BUKOPUCTAHHsI Ta petukiinry, Tuiy KMIT knacis 1-4 3a
JCTY 8476:2015 abo aHAIOT1YHUX.

Pozninpae 30upanHs 6i0BiAX0AiB 3IHCHIOETHCS Ha MiCIIEBOMY PiBHI Ta BKIIIOYAE
po3aiibHE 30MpaHHS 3a KOHTCHHEPHOKI CHUCTEMOKO BCTAaHOBJICHHSIM OKPEMHX
KOHTEHHEpiB KOPUUHEBOTO KoJIbopy st OioBiaxoxiB tumy KMII kmacis 1-4 3a
JACTY 8476:2015 3 MeTor0 penukiIiHry (Mae IpyHTYBaTHCh Ha EKOHOMIidHIH
JOLTBHOCTI BIPOBaPKEHHA OyAiBHUITBA 00’€KTa OOpOOJEHHS) Ta PO3IiIbHE
30MpaHHA 1 KOMIIOCTYBaHHS Yy TPHUBAaTHUX JOMOTOCIOAApPCTBaX. MOXKIUBE
BUKOPHCTAHHS BapiaHTa BiIOKPEMIICHHS YaCTHHH BiJIXO/IB BiJl 3€JICHUX HACAPKEHb
(Ti7KHM Ta 3aJIMIIKY IEPEB) 3 METOI0 TOJAIBIIOTO MOIPIOHEHHS 0 WIS , sIKa MOXe
OyTH peaizoBaHa y BinoBiAHUX cepax. Po3ainbHe 30MpaHHs Ta KOMIIOCTYBaHHS
OIOBIIXO/IB y MPHUBATHUX JOMOTOCIIOAAPCTBAX 3MIMCHIOETHCS JUIS IX BIIACHUX
noTped NUITXOM BCTAHOBICHHS HA MOJBIP’AX JOMOTOCIOAAPCTB 1HIUBITyaTbHUX
koMmroctepiB. KiibkicTh Ta mMmapameTpd OOJaJHAHHS JUIS  1HIUBIAYaJIbHOI'O
KOMITOCTYBaHHS O10BIJXO/MIB BHU3HAYAIOTHCS BJIACHUKAMHU JIOMOT'OCIIOJIApPCTB,
BUXOJsYM 3 ix morpedu. J[lms momorocmomapctBa 3 2-3 ocid Moxe OyTu
PEKOMEHIOBAHO 1HAMBITyaTbHII KOMITOCTEP MICTKIiCTIO 1 M>.

Crioci0 oprasizaiiii po3auibHOr0 30MpaHHsS HeOe3MeYHUX BiIXomiB y ckJjani
NMoOyTOBUX BH3HAYAETHCS CAMOCTIHHO BIAMOBITHUMH OpPraHaMH MICIIEBOTO
CaMOBpSIyBaHHSI Ta 3aKPIIUTIOETHCS B MICIIEBUX IUIAHAX YHPABIIHHS BiAXO0JaMHU
HacelleHHX MyHKTiB. HB y ckiani moOyToBrx 30MparoThCsl OKPEMO Bijl IHIIUX BUJIIB
I1B, a Takox MarOTh BIJOKPEMIIFOBATHCS Ha e€Tari 30MpaHHS YU COPTYBaHHS Ta
MepelaBaTUCs CHEIlialli30BaHUM IMiAIPUEMCTBAM, IO OJEPXKANM JIleH3ii Ha
3IiHCHEHHS onepariiil y cdepi nosomkeHHs 3 HB. Posninbhe 30upanus HB y cxiani
MOOYyTOBUX 3IIMCHIOETHCA HACTYIMHHUMH IUISIXaMHU: PO3AUIBHUM 30HUpaHHIM 3a
KOHTEHHEPHOI0 CHCTEMOIO (32 OOIPYHTYBaHHS €KOHOMIYHOI JOLIJIBHOCTI);
CHeLiaNi30BaHUMU KOMYHAJIbHUMHU MyHKTaMH NPUAMaHHsS BiAXOIiB; MOOUIEHUMHU
(mepecyBHMMH) NyHKTamu npuiiManHs HB; mpoBeneHHSM Ha IMOCTIHHIA OCHOBI
OCBITHIX MmyONiYHMX akLiii 31 30upaHHs OKpeMux KommnoHeHTiB HB y ckmani
nmoOyToBux 3 mupokuM orisgoMm B 3MI. Pozminere 30upanns HB y cxmani
MOOYTOBUX 332 KOHTCHHEPHOIO CHCTEMOIO 3IIHCHIOETHCS Ha MICIIEBOMY DiBHI Ta
BKJIFOYA€ BCTAHOBJICHHS OKpEeMHX KOHTEHHepiB it HB y ckiami moOyToBUX THITY
KMIT xnacie 1-4 3a JICTY 8476:2015, 4epBOHOro KOJBOPY BIAMOBITHO JO
«MeToauku po3aUTEHOTO 30HpaHHs TOOYTOBHUX BIIXOIIBY.
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Croci6 opramizamii po3miapHOTO 30MpaHHS BiIXOMIB €JeKTPUYHOr0 Ta
€JIeKTPOHHOTO0 00JagHaHHsA, o € y ckiani [IB, BU3HAayaeThCs caMOCTIHHO
BIANOBITHUMH OpraHaMHd MICIICBOTO CaMOBPSAYBaHHA Ta 3aKpIIUIIOETHCS B
MICIIEBUX TUIAHAX YIPABIiHHS BiIX0aMH HaCEJICHHUX IyHKTiB. Po3minpHe 30upanHs
BEEO Bin0yBaeTscs 3rigHo 3 «MeTONWYHIMH PEKOMEHAIISIMU MO0 30MpaHHs
BiJIXOJIiB €NIEKTPUYHOTO Ta €JIEKTPOHHOTO OOJIQJHAHHSA, IO € Y CKJIaAi MOOYTOBUX
BimxoxiB» (3arBepmkeHi Hakazom MiHicTepcTBa perioHANBHOTO PO3BHTKY,
OyIiBHUIITBA Ta >KHUTIOBO-KOMYHAJIBHOTO TrocmomapcTBa Ykpainu Ne 15 Big
22.01.2013), Ta 10 MOMEHTY BOpPOBa/KEHHS B YKpaiHi MPUHIUITY PO3MIUPEHO]
BiNOBIJaNbHOCTI BUPOOHWKA 1 BIOPOBA/DKCHHS CHCTEMH 30MpaHHA Ha
HaI[lOHAJTbHOMY DIiBHI MOXX€ 3[iHCHIOBAaTHCS B paMKax IMJOTHUX MPOEKTIB 3a
HACTYMTHUMH HAINPSIMKAMHU: CTBOPEHHS CIICLiai30BaHUX KOMYHAJIbHHUX ITyHKTIB
NpUAMaHHS BIAXOJIB; CTBOPEHHS MOOUILHUX (TIEPEeCYyBHUX) MYHKTIB MPUIAMAaHHS
HB; mpoBenenns perymsipaux myOmiganx akimiil 31 30upanas BEEO 3 mmpoxum
orisaoM B 3MI.

Crioci06 opranizaiii po3AiIbHOTO 30MpaHHS BeJUKOradapUTHUX Binxoais
BH3HAYAETHCA CAMOCTIIHO BiAIIOBIAHMMH OpPraHaMH MICIIEBOTO CaMOBPSAyBaHHS,
BiT0Opaka€eThCs B MICIIEBUX IIAHAX YITPABIIHHS BiAX0IaMH HACEJICHUX MyHKTIB Ta
BKJTIOYA€ CTBOPEHHSI CIIEIiali30BaHNX KOMYHAIBHUX MYHKTIB NpUIMaHHS BiIXOMiB
Ta BIPOBAPKEHHS CUCTEMH PO3AUTbHOTO 30upanHs BI'B Gins mxepen yTBOpeHHS.
PozninpHe 30MpaHHA BEMMKOTa0APUTHHUX BIOXOMIB BiAOYBacTbCS B KOHTEHHEpH
tuny K3B 3a JICTY 8476:2015 abo crmemianbHO MPHCTOCOBaHI JUIS IHOTO
KOHTEeHHepH Ha NPUOYIMHKOBUX KOHTEHHEPHHMX MalJaH4YMKax Ta/abo B
CHeliali3oBaHuX KOMYHAIbHHUX ITyHKTaX MPUAMAaHHS BiJXO/iB.

Croci6 oprasizamii po3IiIbHOrO 30MpaHHsS PEMOHTHHX BiIXOJiB BH3HAYA€THCA
CaMOCTIMHO BiIMOBIIHUMU OpraHAM{ MICIIEBOTO CaMOBPSAYBaHHS, BiI0OpaKaeThCsI
B MICIIEBUX IUIaHAX YIPABIiHHSA BIiJXOJaMH HACEJIEHMX ITyHKTIB Ta BKIIIOYAE
CTBOPEHHS CIIEI[iaJli30BaHNX KOMYHAIBHUX TYHKTIB TpPUHAMAaHHSA BIIXOIIB Ta
BIPOBaDKEHHSI CHCTEMH pO3AiIbHOTO 30upanHs BB 0ing jokepen yTBOpeHHS.
PoznineHe 30upanns bB BinOyBaeThes B koHTelHepH Tty K3P 3a JICTY 8476:2015
abo crieriakHO MPUCTOCOBaHI JUIsl IbOTO KOHTeHHepH (Hampukiay, «Big Bag») Ha
MpUOYIVMHKOBUX  KOHTEHHEpHMX MalJaH4YWKax Ta/a00 B  CHemiali30BaHUX
KOMYHAaJIbHUX ITyHKTax MPUHAMaHHS BiJIXO/iB.

PoszninpHe 30upaHHs iHIIUX BiAXOIB, SIKi YTBOPIOIOTHCS B JIOMOTOCIIOIAPCTBAX,
BiZOyBa€eTHCS OKPEMO Bifl IHIIMX BUAIB BiIXOJiB, CIIOCIO OpraHizauii po3aijIbHOTO
30MpaHHs BIJOBIIHOTO BUAY BiJXOJIB BH3HAYAETHCS CAMOCTIMHO BiINOBIIHUMH
OpraHamMH MICIIEBOTO CaMOBPSAYBaHHS Ta BiJJOOPaKAETbCS B MICHEBHX IIaHAX
yIpaBIliHHS BiIX0laMH HACEJICHUX MYHKTIB.

IlepeBe3eHns1 MOOYTOBUX BiIXoaiB

BiZOyBa€eThCSl Bi MICIb YTBOpEHHS Ta/ab0 HAKONMYEHHS Ta IIEPBICHOTO
30epirannss TIIB 10 00’ekta 0OpOOJIGHHS BigXOMAIB CIHEMialbHO OOJaHAHUM
TpaHCopToM (30UpaibHUM), SKHH MOke OyTH 13 OOKOBHM Ta/ab0 BEpXHIM
MaHIMyJIATOPHUM  3aBAaHTAXKEHHSAM, 3aJHIM 3aBaHTQKEHHSIM MEXaHI3MOM 3
MOBOPOTHOIO CKOOOI0, 13 OOKOBMM J(TOBUM 3aBaHTAXEHHSIM ab0 pPydHUM
3aBaHTAXCHHAM Pi3HOI BAaHTAXKOITITHOMHOCTI B 3aJICKHOCTI B mpu3HavYeHHs. Jliis
OTTHMI3allii TPAaHCIOPTHUX ITOTOKIB Ta 3MEHIIICHHS TPAHCIIOPTHHUX BHUTPAT IPH
Benukux (Oiumpmie 20 KM) BIiACTAaHSX TMEPEBE3EHb 3aCTOCOBYETHCS ABOCTAITHE
TIePEBE3CHHS BiIXO/IIB 3 BUKOPHUCTAHHAM CMITTENEPEBAHTAXYBAIBHIX CTAHINHN Ta
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CHCTEM 1 TPaHCHOPTHOIO Ky30BHOI'O CIELABTOTpaHCHopra. PimeHHs mpo
BIIPOBA/IXKEHHSI JIBOETATHOr0 TiepeBe3eHHs [IB mpuiiMaeThcst HA OCHOBI TEXHIKO-
E€KOHOMIYHHX PO3paxyHKiB.

Cuctema mepeBe3eHHs 3MimaHuX Ta/abo po3minpHO 3i0panmx TIIB Moxe
BiZOYBaTHCh 3a IJIAHOBO-PETYJIAPHOIO a00 3aIBOYHOI0 CUCTEMaMHU Ta CKJIAJIAaTHUCh 3
nepeBezeHHs: 3mimanux TIIB; BimxoaiB, MpHU3HAYEHUX Ui MiATOTOBKH IO
MTOBTOPHOTO BUKOPUCTAHHS Ta PEIMKIIHTY (Iamip, KapToH, IUTACTHK, CKIIO, METall,
YIIaKkoBKa, JEepeBHHA, TEKCTHIIb Tomo); OioBimxoxiB; HB y ckimani moOyToBuUX;
BEEO; BI'B; PB; nepeBe3eHHsI iHIIUX BiAXO/iB, SIKE Ma€ 311HCHIOBATUCS Y CTPOKH,
nepeadadeHi caHITApHUMH TpPaBUIaMH, PETiOHAIBPHUMHU TIJIAaHAMHU YIPaBIiHHS
BiIXOMaMu, Ta/ab0 BiAMOBIIHO IO JOTOBIPHMX YMOB, BKa3aHHX B JOTOBOpax 3
OTpPUMYBayeM MOCIYT.

Texnomorii nepesesenHst [IB 06a3yloTbcsi Ha BHUKOPHUCTaHHI CIeEHialbHUX
TPAHCIIOPTHUX 3aC00iB — KY30BHUX Ta KOHTEHHEpPHHX 30MpaTbHHUX CMITTEBO3IB
PI3HOTO KJTacy BaHTaXOIIIHOMHOCTI (MaJoi Ta CepeTHbOT MICTKOCTI).

TpancnoptHa cxema mepeBe3eHHs [IB B 3aleXHOCTI Bif JIOTICTHYHOL
JOLUTFHOCTI MOXe OyTH:

— opHoeTamHa — 0e3 3acCTOCYBaHHS IIEPEBAHTAXKYBAJBHMX CTaHLIH Ta
pO3paxoBaHa HAa BUKOPHCTAHHS CMITTEBO3IB JJISl BUBE3CHHS BiIXOMIB BiJ| JUKEPEN
yTBOpeHHs 10 MBB;

— JIBOETamHa — Mependadac HasBHICTh CMITTEBO3iB-30MpadiB, TPaHCHIOPTHHUX
CMITTEBO3IB 1 CMITTENCPEBAHTAXKYBAIBHOT CTaHIl, 3IHCHIOETBCS I 3HMKCHHS
TPAHCIIOPTHUX BUTPAT HA MaJbHE 1 MACTHIIA Ta, BINOBIIHO, TapH]iB HA TIOCIYTH 3
BuBe3eHHs T11B, 3MeHIIeHHsI KUTHKOCTI CMITTEBO3IB, IO MPAIIOIOTH PH 30MpaHHi i
MepeBe3eHH]  BIJIXO/iB, MiJABHIICHHS MPOJYKTUBHOCTI POOOTH, TOMIIIICHHS
€KOJIOT1YHOTO CTaHy JOBKIIJIS.

[lepesesenns 3mimanux TIIB 3aificHIOEThCSI OKPEMO Bifl iHITUX BUIB BiJXO/iB
3a BU3HAYCHMM TpadikoM 3 3acCTOCYBaHHSM BIAMOBITHUX CIEIiaTi30BaHUX
TPaHCIOPTHUX 3aCO0IB 3 Micllb 30upaHHs Ha 00’ exT MBO st copTyBaHHS.

IlepeBe3eHHss BiaxomiB, NMpH3HAYeHUX AJsl HiATOTOBKUH A0 NOBTOPHOIO
BHKOPHCTAHHS Ta PENUKJIHTY, 3TIHCHIOETECS OKPEMO BiJ] iHIIMX BUIIB BiJXO/iB
3a BU3HAYCHMM TpadikoM 3 3acTOCYBaHHSM BIJMOBITHUX CIEIiaTi30BaHUX
TPaHCHOPTHUX 3ac00iB 3 Micup 30upanHs Ha 00’ekT MBO ans copryBanHs a00 Ha
00pOOJIeHHS B SIKOCTI CHPOBUHH Ha CHEIialli30BaHi MiIPHEMCTBA.

[lepeBe3eHHs OioBiAX0OMIB 3IIHCHIOETHCS OKPEMO Bij IHIIMX BHJIIB BiIXOMIB 3a
BU3HAYeHUM TIpadikoM Ta/ab0 3a 3asABOYHOI0 CHUCTEMOKO 13 3aCTOCYBaHHSIM
BiJNOBIHUX CIIELiali30BaHNX TPAHCIOPTHHUX 3ac00iB 3 Miclb 30upaHHs Ha 00’ €KT
MBO n1st copTyBaHHS Ta NOAAIBIIOTO0 00POOISHHS.

Ilepepe3ennss HB y ckaagi moOyToBHX HEOOXIZAHO 3AIMCHIOBATH 3
3aCTOCYBaHHSM CIIELIai30BaHUX CHEUiaNbHO 00JaJHAHUX TPAHCIIOPTHHUX 3ac00iB,
SAKI MOXYTb TaKOXX 3aCTOCOBYyBaTHCS il opradizamii 30upanHs HB B sxocti
«MOOITbHUX TYHKTIB npuiimManHs». [lepeBe3eHHst BifOyBaeTbess cy0’€KTOM
rOCTOZIapioBaHHs y cdepi YNpaBIiHHS BiXOJaMH, SIKUM OTpHMaB JIIIEH3il0 Ha
30IACHEHHS TOCIOAAPCHKOI AisTbHOCTI 3 ynpaBminHsa HB, 3 micup 30upanHs y
BHU3HauYeHe Miciie TuMuacoBoro 30epirands HB y ckmami 1B ans momanbimol
repeaadi BiATIOBITHAM CTEIiaTi30BaHUM IIIIPUEMCTBAM, SIKi OJEpKaau J03BOJIN
Ha 3JiMCHEHHs omepamniid 3 oOpoOJeHHsS BiIXOAIB Ta JIIEH3ii Ha 3AiCHEHHS
TOCHOAAPCHKOI AisTIBHOCTI 3 yrpasiinas HB.
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Ilepesezennst BEEO  HeoOximHO  3mificHIOBaTH 3 3aCTOCYBaHHIM
CHeIialli30BaHUX TPAaHCIOPTHUX 3aco0iB 3 Micllb 30MpaHHS JO CKJIAJICHKOTO
OpUMIlIEHHS Cy0’€KTa TrochojapioBaHHs Yy cdepi yHpaBmiHHS Bigxogamu 3
OOpOOJIEHHST eJeKTPUYHHX Ta EJIeKTPOHHWUX TPWIaNiB ISl COPTYBaHHA 3a
MPUAATHICTIO [0 TOMAIBIIOTO BHUKOPHUCTAHHA (TpUIaTHE/HENPHUAATHE 1O
MOBTOPHOTO BUKOPHUCTAHHS).

[TepeBezennss BI'B 3mificHIOETbCS OKpeMO Bijl I1HIIMX BHIIB BIiIXOIIB 3a
BH3HAYEHUM TrpadikoM Ta/ado0 3a 3asJBOYHOIO CHCTEMOIO 3 3aCTOCYBaHHSIM
BIJMOBITHUX CIIEIiali30BaHUX TPAHCHOPTHHUX 3aCO0IB 3 MicIb 30MpaHHs Ha 00’ €KT
MBO Ha copTyBaHHs (U1 TOAANBIIOTO MOAPIOHEHHS — HA AUITHKY MOJPiOHEHHS
BB i BI'B).

[lepeBe3ennss BB 3xilicHIOETBCS OKpeMO Bij IHIIMX BHJIB BiIXOMIB 3a
BU3HAYCHUM rpadikoM Ta/ab0 3a 3asgBOYHOI CHCTEMOK 3 3aCTOCYBaHHSIM
BIJIMTOBITHAX CTIEiai30BaHUX TPAHCIOPTHHX 3aC00IB 3 MIiCI[h 30MpaHHS HA 00’ €KT
MBO Ha copTyBaHHS (IS TOAATBIIOTO MOAPIOHEHHS — HA TUISTHKY MOAPIOHEHHS
BB i BI'B).

[lepeBe3eHHs iHIMMX BiIXOMiB 3MIHCHIOETHCS 32 3asIBOYHOI0 CHCTEMOIO OKPEMO
Bil IHIOIMX BWIIB BIJAXOMIB 3 3aCTOCYBaHHSIM BIOIOBITHUX CIICIiaTi30BAHUX
TPaHCHOPTHUX 3aCO0IB 3 MiCIIb YTBOPEHHSI HA 00’ €KTH 00pOOIICHHSI.

O0pobienHss mMo0OyTOBHX BiIxoaiB

MoJiArae y BiAHOBJICHHI Ta/abo BumaneHHi TIIB, BkiIoyarouM MiATOTOBKY
BIIXOJIB IO TAaKUX OIEpalliii, Ta 3aJICKUTh BiJl MPUHHATOI TEXHOJOTIYHOI CXEMH
30upanus I11B. V cBow uyepry npuiiHATa TexHoJOriuHa Mozaens oOpobnenHs 11B
BH3HaUa€ TexHoJoriuny cxemy 36upanns TIIB. Binnosnenns [1B BinOyBaeTscs Ha
00’ekTax 0OpOOJICHHS BIAXOIiB BiIMOBIIHO JI0 MPUHHATOT TEXHOJIOTIT 00pOOICHHS.
[epenik omnepamniii 3 BigHoBiaeHHs TIIB HaBemeno B 3akoni Ykpainu «lIpo
YIPaBIiHHS BIAXOIAMUY.

Bionoenenns meepoux nodymosux 6ioxooie

Mexaniko-bionociune 00podaenns meepoux nodymosux ioxooie

Haiinmomupenimoro onepamieto 3 BigHoBieHHs TIIB € mexaniko-06ionoriune
o6podaenns (MBO) I1B, sike 0XOIUIIOE MIMPOKUI CIIEKTP MPOLECiB Ta MOXe OyTH
HQJIAMITOBAHE JUIA JAOCSTHEHHS JEKUIBKOX PI3HMX Lied, 3a3BHYail BKIOYAE
po3ninbHe 30upanns TIIB, Bimokpemienuas 3 TIIB BiaxomiB, mpu3Ha4YeHUX IS
MiATOTOBKK JIO TIOBTOPHOTO BUKOPUCTAHHA Ta PEUUKIIHTY, 1 TEBHY QopMy
Oionoriynoi 06poOku opraniunoi ¢pakuii TIIB (6ioBiaxoxis).

[lepmioro omepariie;o MBO € posmineae 30upanns TIIB, ske 3abesmnedye
IJIaHOBaHy e()eKTHUBHICTh BCHOTO Ipoliecy o0poOseHHs. [Iporec po3aiabHOTO
30upanns TIIB Bxmoyae B cebe ¢(opMyBaHHS (BCTaHOBIIEHHS CHELiajbHO
MPUCTOCOBAHUX 10 Pi3HMX BUIB CHPOBHHHM KOHTEHHEPIB, HAasBHICTH CHELiaIbHO
o0JIaJJHAHOTO TPAHCIIOPTY Ta 3a TOTpeOM OoONalTyBaHHS KOHTEHHEPHUX
MaiilaH4uKiB), 0OCITYroByBaHHs (JOTPUMaHHSA CAaHITAPHOTO CTaHY) PO3Taly’KeHOi
MepexXi KOHTEHHEPHMX MalJaHYMKiB, J€ pO3TallloBaHI KOHTEHHEpPH I
po3aiibHOro  30upaHHs noTpiOHuX  ¢pakmiii  TIIB, Ta mnomanpme iXx
TPAHCIIOPTYBAaHHA 10 MICIp TmepepoOku. Ilepemik dpakmiid, MmO poO3MIILHO
30MpalOThCs, BU3HAYAETHCS TEXHOJIOTTUHOIO cXeMoto noaaisimoro MBO.
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Mexaniko-6ionoriune o6pobnenns I[IB BinOyBaeTscsi Ha 00°ekti MBO,
KOMIUIEKTalis Ta OOJAIITyBaHHSA SIKOTO MOXJIMBA 32 PI3HUMH TEXHOJIOTiYHUMH
CXEMaMH, Ta CKJIAAAEThCS 3 HACTYITHUX Orepaliii 00poOiIeHHs:

— MexaHiuHe O0OpOONEeHHs, sIKe BKIIOYAE: BHBAaHTAKEHHS Ta THMYacOBeE
30epiraHHs BiAXO/iB, MEXaHIYHE COPTYBaHHS, TIPECYBaHHS;

— OioyoriyHe OOpOOJICHHS, SKe BKJIIOYAE CTATHYHI 200 JAMHAMIYHI MOJeni
00pOOIIEHHSI.

MBO I1B nofinseThcss Ha TPU OCHOBHHMX THITM 32 TEXHOJIOTIYHOK MOJCIUIIO:
MeXaHiKo-0iojoriune 0OpoOJIeHHS 31 CTagi€lo KOMIIOCTYBAaHHS, MEXaHiKO-
Olosoriune 0OpOOJICHHA 31 cTamielo aHaepoOHOi ¢epMeHTamii Ta MeXaHiKo-
Oiomnoriune 0OpoOIeHHS 31 CTaier0 cTa0lIi3alIil 3 OTPUMaHHIM KOMITOCTY.

MexaHiuHe cOpTYBaHHsI MPOBOJUTHCS Ha COPTyBanbHil NiHIT 00’ exkta MBO 3a
JOTIOMOTOI0  PI3HHX IIPOIECIB Ta TMOJATAE€ Y BiMOKpPEMJICHHI PI3HHX (paKiiit
BIXOMiB, B pe3yiabTaTi MOXYTb OyTH OTpUMaHi: BiIXOOW, MpPHU3HAYEHI IS
MiATOTOBKK JO TIOBTOPHOTO BUKOpPUCTaHHS Ta peuukiinry; SRF-cupoBuHa,
OioposkmagHa ¢pakimis TIIB; MiHepambHi 3aMuIIKe; BigXOoAW (3aJUINKH), SIKi
MiUIATaI0Th 3aXOPOHEHHIO Ha TIOJIroOHax.

OtpuMmaHi BigxoaM, NpPU3HAYEHi /8 WIATOTOBKH /0 TOBTOPHOIO
BHKOPHCTAHHS Ta PEUUKIIIHTY, 30epirafoThCs 10 OTPUMaHHS 00CATY, KU MOXKHA
TPAHCIIOPTYBATH, MTOTIM PeaTi3y€eThCs Ha BiAMOBITHI TPOMUCIIOBI MiAMPUEMCTBA, AKi
3MIACHIOIOTh NISUTBHICTH 3 peaizallii BiIXOiB, MPU3HAYCHUX JUJIS MiATOTOBKH JIO
MOBTOPHOTO BHUKOPHCTaHHS Ta PEUUKIIHTY, a00 sIKi BHKOPUCTOBYIOTH IX JUIS
BUPOOHUIITBA BIACHOI TIPOIYKIIii.

SRF (Solid Recovered Fuel)-cupoBuHa — uacThHa TBEpIWX BiIXOJiB, sKa
BUKOPUCTOBYEThCS Uil BUTOTOBIEeHHS SRF-manwBa — ambTepHaTUBHOTO BUY
NaJIMBa, L0 3a XIMIYHUM CKJIQAOM W (Pi3MUHHUMH BJIACTHBOCTSMH 3a/I0BOJIBHSE
BUMOTaM CIIO)KMBaya, BIAINOBiZa€e KOHKPEeTHIN crenudikamii, BCTaHOBIICHIH
CIOKMBA4YeM, Ta MOXKE 3aMIHIOBATH BYIULIS, ra3 Ta IHIN BHIM NajiuBa 3i
BCTAaHOBJICHUMH MOKa3HMKaMHU. BincoTOoK BMiCTy roproumx MaTepiaiiB, 3 SKUX
MoxkHa oTtpumatd SRF, 3anexxutp Big opranizamii B HaceleHHWX ITyHKTaX
PO3AUILHOTO 30MpaHHs BIAXOJIB, MPU3HAUECHUX JUIsSl MIATOTOBKU JO MOBTOPHOIO
BUKOPUCTAHHS Ta PEIMKIIHTY, — YUM e(eKTHUBHIIIE po3MijibHE 30MpaHHs, TUM
MEHIIINM MOKe OYTH BMIiCT TOPIOUMX MaTepiaiB.

OcHoBHMMH criokuBauaMu SRF-nanmBa MoXyTh OyTH LIEMEHTHI 3aBOIH, SIKi
BUKOPHUCTOBYIOTh HOTO HE TIJIBKH JUIsS CHAJIIOBAHHS (BUPOOHUYMX IIPOLIECIB), aie i
301y BiJ HOrO CHamiOBaHHsS B SIKOCTI JOOAaBKH B KIIIHKEp, 3a0€3MEUYI0UH Maiike
0e3BinX0AHe BUKOpUCTaHHs. LleMeHTHa MPOMHUCIIOBICTE BUMArae BHCOKOSKICHOTO
cranfapTu3oBaHoro namueBa SRF 3a skicTio He MeHmie 3-ro Kjacy 3TiIHO 3
JACTY EN 15359:2018 «TBepme BITHOBJIIOBAJIbHE MIaJINBO. Texuiuni
XapaKTePUCTUKH Ta KIACH».

Otpumanns SRF-manuBa 3MeHINye KUIBKICTh BIAXOMIB, M0 IiAJISATalOTh
3axopoHeHH!o Ha nonironi TI1B, Ta 3MeHIye BUKHU/IM METaHy, SIKi MOTJIH O CTaTUCS
y pasi ix 3axoponeHHs Ha mnojironi TIIB. Kpim Toro, BuKOpUCTaHHA
SRF-manuBa mpu3BoMUTH 10 3MeHIIeHHS BHKUAIB CO, 3aBISKH 3aMillICHHIO
CIaJIFOBaHHS BUKOITHOTO TaJivBa (3a3BU4ail MPUPOTHOTO rasy).

IcHye HeoOXimHiCTh BHpilICHHA (IHAHCOBHX MHUTAaHb IIOAO YMOB NpUIMaHHS
SRF-manuBa mianpueMcTBoM (MOTpeOye 3aKIIOYEHHS TOTOBOPIB, Y3TOMKCHHS Ta
nmociimkenHs kamopiitHocti TIIB Ta SRF-manmBa, BU3HAYeHHS OOCATIB HOTO
ITOCTaBOK, 1110 HECE TOAATKOBI BUTPATH Ta PU3UKH B peaiizamii SRF-manusa).
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Biopo3knaana yactuna TIIB — opraniuna pedoBuHa, 110 € y CKJIJ] 3MIIIIAHUX
[1B, sika 3a3Hae 010JIOTIYHOTO PO3KIALY (Xap4OBi BiIXOAM, OMAJIC JIMCTS, Cal0BO-
napkosi Bigxoau tomo) (3rizao 3 COY XKKI 03.09-014:2010 «IToGyToBi Bigxomu.
TexHomoris mepepoOsieHHsT OpraHiYHOI PEYOBHHH, IO € Yy CKJIami MOOYyTOBHX
BIJIXOZIIB») Ta € [KepenoM 3a0pyTHEHHS HaBKOJIHUIITHBOTO CEPEOBHINA (HAIPUKIIAL,
MapHUKOBUMHU Ta3aMH). 3araJlbHUH BMICT Ta CIIIBBIJIHOIICHHS Mi)K OCHOBHUMH
kommonentamu TIIB 3anexaTs B MiCIIeBIX YMOB Ta 3MiHIOIOTECS Y "aci. YacTrHa
TIIB, sika Jerko po3KJIagaeThCsl, CKiIagae 3HauHy yactuHy T1IB 3 3aranbpHOi Macu
TIIB Ta Moxe cTaHOBUTH Maiixe 50%.

Bioposkinagna yactuna TIIB moxe Oyt eekTHBHO BUKOpHCTaHa. BuimyueHHs
opraniyHoi pedoBuHH 3 [IB Tpeba mpoBOAWTHM IWIIAXOM COPTYBaHHS Ha
HmiAnpreMCTBax copTyBanHs Ta 00pobaenns TIIB — 06’ exti MBO (Jomatoxk A COY
KT 03.09-014:2010).

[Ticns otpumanns Ha 06’ exti MBO 6ioposknaana yactuHa TIIB HampasniseTses
Ha Oiosoriune o6pooaenns (auB. m. 5.1.16).

Minepanbhi 3anummku — HecopToBaHa yactuHa TIIB, sika 3anmummnacs micis
COPTYBaHHS 3MiIIIaHUX BiIXOMIB Ta BiJOKpeMIIEHHS BTOPHHHOI cuUpoBuHH, SRF-
CHUPOBWHH Ta 0i0pO3KIanHOi YacTWHU opraHiyHoi ckmamoBoi TIIB. CkmamaeTscs
MEepeBaXHO 3 Heroprovoi ¢pakuii (mepeBaxHO BKIIOYAE KOMIIOHEHTH, THEPTHI JI0
OTOYYIOUYOT0 MPUPOIHOTO CEPEIOBHUIIIA) Ta IEBHOI KUTHKOCTI OPraHiYHUX BKIIFOUEHb.

[Ticns mpoBeneHHS BiAMOBITHUX MPOIETYyp 31 cTabisizalii yacTHHA MiHepaITbHAX
3aJIMINKIB CTa€ YMOBHO IHEPTHOI Ta MOXe OyTu abo BUKOpHUCTaHa B pasi
HeoOxigHocTi Ha 06’ ekTi MBO 4 3a fioro MexxaMu, abo OTparuisie Ha 3aXOPOHEHHS
Ha TIOJIITOH.

M kinausi 3amumku TTIB — pizHi Buan HB, sxi norpanumm go cxinany TIIB Ha
cTajmii 30MpaHHS Ta BIJOKPEMIIIOIOTHCS Ha CTajii MEXaHIYHOTrO COPTYBaHHS
3MiIIaHuX BigxonaiB Ha 00’ekti MBO.

[licns mpoBemeHHS BiMNMOBIMHOI TPOIEMYPH BIMOKPEMIICHHS MIKiUIMBUX
sanumikie TIIB i3 3arameHoi Macu TIIB HeoOXigHO 3a0€3MEUUTH YMOBH JIJIst
30epiranHss ix Ha o00’ekti MBO Ta opranidyBaTH TOAaibIly Iepenady
CHeIialli30BaHUM  MANPUEMCTBAM, SAKi MalTh JIIEH3iI0 Ha 3IIHCHEHHS
TOCIIOIapPChKOI JisuThbHOCTI 3 yripasiinHs HB Ta 3abe3neuats 00pobnennss HB ta ix
3HEIIKO/KEHHS JI0 CTaHy IHEPTHUX 3aJIUIIIKIB.

Bionoriuae 06pobieHHs BiIXOIIB, 0 O10JIOTIYHO PO3KIAIAI0THCS (BIAXOIIB Bif
3eJICHUX Haca/DKeHb, XapuyoBHX BiAXOIiB) — aepoOHE (KOMIOCTyBaHHs) abo
aHaepoOHe 00pOOJIeHHsT OpraHiYHOl peuoBHHH, 110 € Y ckiazi 1B, — BinOyBaeThcst
Ha 00’exTi MBO.

[lopsimok  mpoBeneHHs TpOIECiB  Oi0NOTiYHOTO OOpPOOJIEHHS OpraHivyHOL
pedoBuHH, 110 € y ckiaai [1B, a came aepoOHOro (KOMIIOCTYBaHHS ) Ta aHACPOOHOTO
00pOOJICHHS, @ TaKOX BUKOPUCTAHHS TOTOBOTO KOMIIOCTY YCTAHOBIIOE CTaHAAPT
COY XKKI 03.09-014:2010 «Texnoorist mepepobieHHsI OPraHiuHOi PEYOBUHH, 110
€ Y CKJIaJli TOOYTOBUX BiJIXO/iBY.

Bubip Meromy GiojioriuHOro oOpoOJIeHHS OpraHiuyHoi peyoBuHu B ckiiani TIIB
Tpeba 3AIHCHIOBATH 3 ypaxyBaHHSIM MPUPOAHO-KIIMATUYHUX YMOB, CAHITAPHOTO
CTaHy Ta KUIBKICHO-SIKICHUX [apaMeTpiB OpraHidyHOl PEYOBHHH, CaHITapHO-
TITIEHIYHUX BHUMOT, BHUMOT JO BHKOPHUCTAaHHS TOTOBOTO IPOIYKTY, TEXHIYHHX
MO>KJTUBOCTEH MiAMPHEMCTBA TOIIO.
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J1s MOXJIMBOCTI BHUKOPHUCTaHHA B aHaepoOHOMY 30pOMKyBaHHI OpraHigyHa
pevoBuHa B cknai TIIB mae Biamosinatu Bumoram, BuzHauenum COY XKKI™ 03.09-
014:2010.

[Ipu amaepoOHOMY pO3KIaJaHHI OpraHi4HOI pedoBHHH, 10 € y ckmami 1B,
pi3HEMHU BUAaMu OaKTepiil, yTBOPIOETHCS Oioras, sSIKuii MOXXe BUKOPHCTOBYBATHCS
SK TaJUBO MJISl CHELiali30BaHUX EHEPreTHYHHX YCTaHOBOK (KOTJOAarperar,
MIPOMUCIIOBI TI€¥i, CTaI[iOHApHI IBUTYHH-T€HEpaTopu) abo Micis IJOJaTKOBOTO
OYHIICHHS JJIs 3arpaBKu B 6anmonn. B pe3ynprarti podotn 06’exta MBO i3 cragieto
aHaepobHOi (epmenTanii 3 1 ymoBnoi Tomnu TIIB Bupo6aserscs 70-170 wmd
6iorasy. BmicT Metany y 1 m® Giorasy craHoBuTb Big 40% 10 55%.

TexHonoriuHe 00MagHAHHS IPOIIECY aHAepOOHOTO 00pOoOIEHHS (30POIKYBaHHS)
opraHiuHoi pe4yoBUHH, BITyueHOi 3 [IB — 11e cuctema KoHBeepiB, OyHKEep-NPHAMOK,
MoIpiOHIOBAJIbHE O0JIaJHAHHS, MPOIIIIXKYBayl, HACOCH, METAHTCHKH, T'a3TOJIbJCPH,
TEIUTOOOMIHHUKH, 0OJIaIHAHHS JIJIs OYHIIEHHS 0iorasy, KoreHepalliifHa yCTaHOBKa.

3 MeTOr0 BUKOPUCTaHHS Oiorazy Ha noJirodi TTIB Ta MOXXITHBOCTI BUKOpHUCTaHHS
0iorasy MpOEKTYIOThCS 1HXKEHEPHI CHCTEMH 30MpaHHs Ta yTHii3alii Oiorasy s
Bu3HaueHoro modirony TIIB. IIpoekryBaHHS imKeHepHOI Mepexi 30MpaHHSA Ta
yrumizamii  6iorasy Ha momironi TIIB 3milicHIO€TBCS BIANOBIIHO 0 BHUMOT
JBH B.2.4-2-2005 «Iloiironu TBEpauXx MOOYTOBUX BIIXOIIBY.

KommocT — rpyHTONONIOHMI Martepiajl, OTpUMaHUN B pe3yJIbTaTi acpOOHOrOo
Mpollecy po3kianaHHs opranigHoi ckmanoBoi TIIB pisHnMu Bumamm Oaktepii Ta
rpuOkiB. /i1 TpUTOTYBaHHA KOMIOCTIB Tpeba BHKOPHCTOBYBAaTH TEXHIKY 1
TPaHCHOPTHI 3acobu cepiitHoro BupoOHUITBa. TexHomoriune 001aHaHHS MPOLECy
KOMITOCTYBaHHS — CHCTEMa KOHBEEPIB, OyHKEp-IPUSIMOK, NOAPiOHIOBAJIbHE
oOnamHaHHS JUia ToApiOHIOBaHHS opraHigHoi Macu TIIB, Giobapabanu (abo
OioTepMiuHi KaMmepH, KOTJIOBaHM, JIUISIHKM 4d InTabeni), MOAPiOHIOBabHE
oOjajHaHHS Il TOAPIOHIOBaHHSA KOMIIOCTY 3 MarHITHHUM —CEIapaTtopom,
rpeiipepunii  kpan (3rizHo 3 COVY XKKI' 03.09-014:2010). Ichye nexinbka
TEXHOJIOTIYHUX CXEM KOMIIOCTYBAHHS, OKPEMi BY3JIH SIKUX MOXKHA KOMIIOHYBAaTH B
3aJIeKHOCTI BijJ 0O6nanHanHs mignpuemctsa MBO.

OrpumaHuii  KOMIIOCT  MOXHA  BHUKOPDHCTOBYBaTH  BIATIOBIZHO  JIO
COY XKKI" 10.09-014:2010 six 1oO6puBo y 3eseHOMY OyIiBHUITBI, PEKyJIbTHUBAL]
3€MeJIb, JIICHOMY TOCIIOAAPCTBI BIIIOBIIHO J0 arpOXiMiYHHX, MIKpOOiOJIOTIYHUX,
TOKCHUKOJIOTIYHMX Ta (i3UKO-XiMiYHMX TMOKa3HWKiB. llicms ycratkyBaHHA 3
OTpUMaHHs Oiorasy 3alMIIA€TbCA KOMIIOCT TEXHIYHMH a00 KOMIIOCTONOAIOHHI
MPOAYKT, iknuii ckianae ~ 35—-40% 3 1 ymoBHoi Tonan TIIB.

Tepmiune o6poonenna meepoux nodymosux 6ioxooie

Tepmiune o6pobnennst TIIB — cnamoBanHs abo X TepMiuHEe BHKOPUCTAHHS —
3aCTOCOBYETHLCS SIK BaXKJIMBA oriepalris 3 BigHosaeHHs TTIB Ta € HaOIbIn HagiHHAM
1 epeKTUBHMM BapiaHTOM OTPHUMAaHHS €Heprii Ta BiABEAECHHA Temja METOAO0M
yTuITi3alii HenepepoOHUX BiAXO/IB, SIKi HE MOKYTh BiIHOBITIOBATHCS 1HIIMM HIISIXOM.

HaiimomupeHiimmmMy € MeToM CIIaJIOBaHHS — CIAJIFOBAaHHS HA KOJIOCHUKOBHX
IpaTtax i craioBaHHs y 3BaKEHOMY ILapi.

CnajiloBaHHsI Ha KOJOCHMKOBHMX IPaTax 3acTOCOBYETHCS JO MAacOBOrO
CIIATIOBAHHS TBEPAMX 3MIMIAHUX IMMOOYTOBHUX Ta TPOMHUCIOBHX BIIXOIIB Ta Mae
BeIUKY cepy 3acTocyBaHHs. Jlae 3MOry BUPOOJIATH SHEPrito 3 BIIXOIIB (30KpeMa,
KoreHepais). [y 1aHOro METOAy BHKOPHCTOBYIOTHCSI Pi3HI CHCTEMH TOIIOK 3
KOJIOCHUKOBHMH IPaTaMH.
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[lomada BixomiB, MO CIATIOIOTHCA, BiIOYBAETHCS HA KOJIOCHUKOBI I'paTH B Kamepi
3TOPSHHA CHUCTEMaMH 3aBaHTakeHHS. CrantoBaHHs 3IIHCHIOETHCS Oe3nepepBHO
MPOTSIroM 100, JOCTaBKa BiJXOJIB JI0 YCTAHOBKU — MEPIOAMYHO (31eOLIBIIOTO Y
neHHuit gac). [lepen mapoBoro TOMTKOFO 3aBXK/IM BCTAHOBIIOETHCS TTiA3eMHII OYHKED,
SKHA 3a0e3redye TMOcCTiHe 30epiraHHs HEOoOXimHOro 3amacy BiAXOAIB Ta iX
MepeMilllyBaHHs Ui 3a0€3MEYEeHHS 1X TOMOTCHi3alii Tepel CIaTIOBaHHSIM
(BCTaHOBJICHHS TIPHOJIM3HO CTAOIIHPHUX MTOKA3HHUKIB TETTIOTBOPHOT MOYKIIMBOCT1).

EdextuBHe cmamoBaHHS Ha KOJOCHHKOBHX IpaTax BiIOYyBaeTbcs IpH
temneparypi 850-950°C. B kiHIi MOBUIbHOI PEUIITKH, IO PYXA€ThCS, 3aTHIIKH
MICJIs 3TOPSIHHS MaAaloTh B 3aII0BHEHUH BOIOIO MPHUCTPii NUTAKOBUIAICHHS.

JIMMOBI a3 yTBOPIOIOTHCS 37eOUTBIIOT0 B 30HI KaMEpH ISl CHATIOBAaHHSA, Je
BOHH BUTOPSIOTH 1pH TemriepaTypi Bif 850°C mo sumie 1000°C. Y po3ramoBaHoMy
Jlalli MapoBOMY KaszaHi JUMOBI Ta3u 0XoJoKyrThes 1o 200—400°C. [Ipu upomy
YTBOPIOETHCS B OLITBIIOCTI BUIIAAKIB Tieperpita mapa (He Oimbire 40 6ap, 400°C).
IMapy MoOXKHAa BHKOPHCTOBYBATH JUIS BUPOOHHIITBA EIEKTPOCHEprii, K
TEXHOJIOTIYHY Mapy JJIs [ICHTPali30BaHOr0 TEIUIONOCTaYaHHS.

B pesynbraTi crnajgroBaHHSA Ha KOJOCHHKOBHUX IpaTaX yTBOPIOIOTHCS ILIAK,
KOTeJbHA 30J1a Ta AUMOBI raszu. Jo AKOCTi Marepialy, 10 BHXOIUTh, BCTAHOBIIEH]
HactynHi BuMord — muiak: C < 3 Bar. %, y Cy4acHHX YCTaHOBKax BTpaTH IPH
MPO’KaprOBaHHi, 3arallbHII OPraHiuHUA ByTiels cTaHOBIATH MeHie 0,5 Bar. %.

CrianroBaHHS Ha KOJIOCHUKOBHX IpaTax MOJKE 3aCTOCOBYBATHCS B KOMOiHamii 3i
BCiMa MOIMEPEHIMU CIATOBAHHIO 3aX0/IaMH Ta TpolecaMy 0OpOOJICHHS BiAXO/IIB.
CrnianoBaHHs BUKOHY€E MiHepaslizalifo BCiX TOPIOYUX PEUOBHUH, sSIKi BXKE HE MOXKYTh
BHKOPHCTOBYBATHCh a00 00poOmsiTucs iHmmMM crocobom. [lepeBaroro meromy €
CHUHEPreTHYHHUN e(eKT MPU B3a€MOIOB’I3aHHI 3 MPOIECAMU/TTPOMHUCIIOBICTIO, IO
MaloTh BENUKY MOTpPeOy B TEIUIOBiM €Heprii i SKy BOHH MOXYTb OTPUMATH Bij
CMITTECIIANIOBAILHUX  3aBOAIB  a00  3OIMCHUTU  IABEAECHHS  OCHOBHOI'O
HABAHTAXXCHHS [ICHTPAIII30BAHOT0 TEIIONMOCTAYaHHS MEPEIK.

Metos crnanioBaHHS Ha KOJOCHHKOBHX IpaTrax HEOOXiJHO TOB’S3yBaTH 3
OUMILICHHSM JIMMOBUX Ta3iB, TaK SK ra3u, 10 YTBOPIOIOThCS TPU CHATIOBaHHI,
MICTATh 3HAYHY KUTBKICTh MIKIJTUBUX JUTSI 3I0POB’ sl PEUOBHUH.

CnaJiloBaHHsl y 3BajKeHOMY Iapi € 0cOOMUBO e(eKTHUBHOIO TEXHOJIOTIETD, KA
YTBOPIOE HEBENWKY KUIBKICTh IIKIJUIMBUX PEYOBHH. 3a M€l TEXHOJOTii Toprodi
peYOBHHU (BiIXOAM) MiAMAIOTHCS TPOIECY CIANIOBAHHS B TOTOIl TOBITPS, IO
migHIMaeThCs. B pe3ynbraTi BUXOIUTH TypOYJIeHTHE 3MILlyBaHHS a3y Ta TBEPAUX
peuoBuH (3BakeHMM 1ap). 30yproBaHHS BIOXOMIB JIO3BOJISIE 3MIHCHIOBATH
edeKTHBHI XiMi4HI peaknii Ta edekTuBHe mnepeHeceHHs Tera. CramtoBaHHSA Y
3BaXXEHOMY IIapi 0yJio po3po0iIeHo, 30KpeMa, IS TOTO, 00 YaCTKOBO BUKITFOUUTH
a00 MiHIMI3yBaTH JOPOrl MPOIECH OYMIICHHS 3 METOI CKOPOUYEHHS BHKHIIIB
IIKITUBUX PEYOBHH, HATIPUKIIA]] 13 BAKOPHCTAHHSM CKpYyOepiB.

3acrocyBaHHS 1€l TEXHOJIOTIT 0COOIMBO YacTO 3yCTPIUAETHCS MPU CHATIOBAHHI
ocajy Ta BAKOPHCTaHHI aJIbTepHAaTUBHUX BUiB nanuBa (SRF).

B pe3ynbrarti ciatoBaHHS y 3BaKEHOMY IlIapi yTBOPIOKOTHCS 30J1a 0€3 1L1aKy ado
3 MaJMM BMICTOM LUIaKy (YacTka Byriemio B Mexax 0,5% abo yacTka roproumx
koMmmoHeHTiB < 0,5 Bar.%), KoTenpHU v, AMMOBI Ta3u. J{o SKocTi Marepiaiy, 1o
BHUXOJWTH, BCTAHOBJICHI HACTYITHI BUMOTH — HHU3bKa 4acTka OKCHAIB a3oty NOX,
BIICYTHICTh HEOOXiTHOCTI a00 HU3bKA MOTpeda B MeHITpHdiKalii TMMOBHX Ta3iB Ta
HU3bKE 3B’SI3yBaHHS BAKKMX METaNiB Yy 30JIi BHACHIZOK BiJHOCHO HH3BKOI
TEMIIepaTypH Mporecy.
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[Ipu cnamroBaHHI y 3BaKeHOMY IMapi MOApiOHEHI BiAXOmW 3 1HEPTHUMH
MaTepiajlaMH IIPUBOASATECS Yy 3BKEHUH CTaH 1 CHATIOIOTHCS MIPH BITHOCHO HU3BKIH
temneparypi 750-850°C. TpuBanuii yac nepeOyBaHHs, BEJIMKA TUTOMA TIOBEPXHS Ta
XOpoIIe TEePEeHECeHHs TeIUla TPH3BOIATH J0 TapHOTO BUTOPSHHSA (3QJIMIIKOBHIT
BMmicT Byrueio < 0,5 Bar. %). TemmnepaTypa 3ropsiHHS 3HAXOAWTHCS HUKYE MEXi
YTBOPEHHSI OKCU/IIB a30TY, IO IPU3BOIUTH 10 YTBOPEHHS BiTHOCHO MaJIOi KiIbKOCTi
NOx, ane criocTepiraeTscsi yTBOPEHHS 3BECEISIOUO0TO ra3y.

Hwuzpka Temnepatypa mporecy rapanTye BiICyTHICTh CITIKaHHS 30J14, Y 3B’ SI3KY 3
YUM BaXXKi METaJH 3B’SI3YIOTHCSI Y 30JIi Y HEBEIHKIH KibKOCTi. 3MilIyBaHHS B
3BXCHOMY IIapi MPHU3BOJAMTH TAKOXK IO TOTO, IO JUMOBI ra3d CTHKAIOTHCS 3
pedoBHHAMH, MO0 abcopOyIoTh CipKy (BamHsK, monomit). Lle mpusBomuTs 10
MOTJIMHAHHS BEJIMKOT YaCTKHU CipKH COpOLIMHUMH MaTepiajaMy B KOTII.

CucrteMu crialoBaHHs y 3BaKCHOMY IIapi MOKHAa PO3AUTUTH Ha JIBi OCHOBHI
rpynu: atmocdepHy cucrtemy (FCB) ta cucremy minm tuckom (PFBC). Ocranns
TIPAIIFOE 3 TTiABUIIIEHUM THCKOM 1 CTBOPIOE TIOTIK TOBITPSI Ii/T BACOKHM THCKOM, SIKUH
JI03BOJISIE BBOJAWTH B Mif0 Ta3oBy TypOiHy. [lapa, 10 CTBOPIOETBCS TEIIOM
3Ba)KEHOTO MIapy, MNpsMye Yy TNapoBy TypOiHy. Takum uuHOM, TIpomec €
BHCOKOE()EKTUBHOIO KOMOIHOBAHOIO CHCTEMOFO ITUPKYIISIII].

[TpuHIMIIOBO MOXHA BUALIUTH TPH Pi3HI BUIW CHCTEM 31 3BasKEHHM IIAPOM, SIKi
BHU3HAYAIOTHCS CIOCOOOM BiJIBEJICHHS TUMOBHMX Ta3iB: CTalllOHAPHUH 3Ba)KCHUH
map, 3BKESHAN T1ap, M0 00EPTAETHCS, 1 UPKYITIOIOUYHAN 3BaXKEHHH 1II1ap.

CrajroBaHHS y 3BaXCHOMY IIapi 3aCTOCOBYETHCS OCOOJIMBO I TEPMIiYHOI
OOpOOKM TOPIOYMX BIAXOMiB, SKIi HENpPUAATHI JUIS I1HIIUX BHAIB OOpPOOKH
(manpuknan, Bimxomu < 30 MM, MyJ OYHMCHHX CHOpyd). Tomy BOHO MoXxe
NPUHIMIIOBO KOMOIHYBaTHCS 3 yciMa NMepeBKIIOYCHUMHI €TalaMy Ta MPOLeCaMu
00pOOJIeHHS BiJXOIIB.

[lepeBara mMerony crnanroBaHHS y 3BRKEHOMY IIapi BUHHMKA€E TPHU JOCATHEHHI
CHHEPIreTHYHMX €(DeKTiB IUITXOM B3a€EMOIIOB’ SI3aHHS 3 IPOLIECAMH, SIKi TOTPEOYIOThH
BEJIMKOI KUILKOCTI TEIUIOBOI eHeprii (HampHuKial, Ha nmanepopooHux (adpukax, ne
MOJKHa BUKOPUCTOBYBATH Ha TAKMX YCTAaHOBKAX 3HAYHY KiJbKICTh TEXHOJOTIYHUX
BiJIXO/IiB). AJIbTEpHATUBHO NTOBHHHA OyTH, IK MiHIMYyM, MOXIIUBICTb CIIPSIMOBYBaTH
3aiiBy eHeprito (mapy abo rapsdy BOJy) CTOPOHHIM CIIOKHMBadaM a0o0 MOCTadaTH
CJICKTPOCHEPTII0 JI0 MEPEeXi 3arajlbHOr0 KOPUCTYBaHHS.

[Ipouecn MeTody CHATIOBaHHS Yy 3BaKCHOMY MHIapi y OyAb-SIKOMY BHUITAAKY
MMOBUHHI OyTH 00’ €/THaHI 3 OYHIIEHHSIM Tra3iB, IO BiAXOIATS.

Jo Bcix TepMivHUX nporieciB 00poonenHs TTIB noBuHHI 3acTOCOBYBaTHCS CYBOPI
MpaBuiia Ta BUMOTH IIOJO 3armo0iraHHs, CKOPOYEHHS Ta KOHTPOJIO IOTEHIIIIHHO
TOKCHYHHX Ta IHIIMX €MICi, 110 ICTOTHO BIUIMBAIOTh HA HABKOJIMIIHE CEPEIOBHUIIIC.

Buoanennsn nooymoeux 8ioxooie

BiI0OYBa€eThCS Ha 00’€kTaX OOpPOOJCHHSA BiIXOIB BIiAMOBITHO 1O MPHHHATOL
TexHoJjorii 00poonenns. [lepenik onepariii 3 Bunanenns TIIB HaBeneno B 3akoHi
VYxpainu «[Ipo ynpaBiiHHS BiIX01aMI».

Haiinommpenimoto onepanieto 3 BumaneHus TIIB micns omepamii 3 ix
BiJTHOBJICHHS, 1110 HE Iepe10avae MmoJTbIIoro 00poOIeHHS BiXO/IiB, € 3aX0POHEHHS
TBepPAUX MOOYTOBHUX BiIX0diB, a caMe — HEMIPHUIATHOTO 10 BUKOPUCTAHHS 3QJIUIIIKY.
Bci 3ammmkn 0OpoONEHHS TIpW MOTPUMAaHHI 3aJaHUX KPHUTEPIiB MOXYTh OyTH
CHIpsIMOBaHi Ha 3aXOPOHEHHs1. 3a00POHSETHCS 3MIITYBaHHS Y1 3aXOPOHEHHS BiIXOIiB,
JUTSL yTHITI3AI1 IKUX B YKpaiHi iCHy€E BiITOBITHA TEXHOJIOTIS.
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3axopoHeHHsT Mae OyTH BIOPSAAKOBaHMM Ta 3a0e3medyBaTH HaliiiHE Ta
KOHTPOJIbOBaHE 30epiraHHsl HEMPHUIATHOTO JI0 BUKOpUCTaHHs 3aynmiiky TTIB, tomy
3axopoHeHHs1 TIIB m03BONSIETHCSI TUTBKM HA CHEMiadbHO OOJNAHAHUX JUIS I[OTO
monironax. lIpoekTyBaHHS HOBOro OyHIBHUIITBA, PEKOHCTPYKINIO, TEXHIYHE
TIepeoCHAIeHHs 1 peKyIbTHBaIlifo mojironis TIIB BUKOHYIOTH BIIIOBIAHO 10 BUMOT
JBH B.2.4-2-2005 «[lonironu tBepAuX moOyTOBUX BiaxomiB. OCHOBHI MOOXKECHHS
MPOeKTyBaHHD». [l 3amoBoNeHHS pi3HOI mWOTpebm B 00CH31 Ta HAAIWHOCTI
3aXOpPOHEHHS BiIXOIB BUAUICHI TPH KJIACH TOJITOHIB: MOJITOHU I HEOC3MEUHUX
BiJIXOJIiB; TIOJIITOHM JUTS BiIXOIB, IO HE € HEOE3NCUHUMM; IMOJIITOHH JUISI YMOBHO
IHEPTHUX Ta THEPTHUX BiMXOMiB. [10JIroH BiAMOBIAHOTO KJIACy MOXE MPUAMATH Ha
3aXOPOHEHHS TIIBKH Ti BIIXOAM, IS IKAX BiH OyB IMPU3HAYECHUI Ta 0OIAIITOBAHHA.

MMousironn 1is HeGe3MEeYHNX BiIX0/IiB — CIICIIANILHO BiBEICH] Ta OXOPOHIOBaHI
MalaHJuKyd JJIs 30epiraHHs HeOesmeuHux abo morteHuidHo HB, morteHmian
HeOe3MeKN Ta PU3UKHU BIUIMBY SIKUX HA HABKOJIMIIHE CEPEIOBHINE HE MOXKYTh OyTH
3HIDKEHI NUISIXOM Tonepeanporo oopobmnenHs. [lomironn mans HB moxyTe maTtn
XapakTep SIK MPOMIDKHUX CXOBHII, TaK I MOTHWJILHUKIB. BOHU BiAPI3HAIOTBCS OJIUH
Bil OJHOTO 3a CTyI€HEM HeOe3MeKH 3aXOPOHEHWX y HUX BIOXOMIB, a TaKOX
OyZIiBeNbHOTO BUKOHAHHS, HacaMmIepe] KOHCTPYKIIA Ta MaTepialbHO-TEXHITHUX
KOMITOHEHTIB, PU3HAYCHUX JIJIS 3aI00IraHHs MOTPAIUITHHIO HEOE3MeYHUX PEUOBUH
Y HaBKOJIUIIIHE CEPEIOBUIIIC.

MMoaironn ajas BigxoaiB, 10 He € HeOe3MEYHMMH — CIIEI[iaIbHO O0O0JagHAHI
MalaHYUKH, OCHAICHI HEOOXITHUMH MPUCTpOsiMu Jijis 30epiranus TIIB, mo He
CTaHOBJIATh HeOesmeku. [liAmararoTh CHCTEMATHYHOMY KOHTPOJIO 3 METOHO
HEJOMYIICHHS. BUHUKHEHHS HeOe3MeKku s HABKOIUINHBOTO CEpeOBUINA Ta
30POB’S JIFOJIEH, a TAKOXX BHKIIOYCHHS 3apaXKCHHS IPYHTY Ta IPYHTOBHUX BOJI.
Bimxoan ykiamaroThCs Ha CaHKIIIOHOBAHOMY IOJITOHI IIapamH, SIKi HANPHUKiHII
KOXHOTO PO00YOro JHS MaKCHUMAJIbHO YIIUIBHIOIOTBCS Ta 3a0e3MeuyOThCs
MOKPUTTSIM.

[ousironn s iHEPTHUX BiIXOMIB SBISAIOTH COOOK CIEHIAILHO BiJBEICHI
MalaHJYuKd a00 YCTAaHOBKH 3 HECKJIaJHUM OCHAIICHHSM, NPU3HAYCHI IS
HaJIHOTO Ta JOBrOCTPOKOBOTO 30€piraHHs BiIXOMiB — MiHEpaIbHHUX PEYOBUH 3
IHepTHUMH BJIACTHBOCTAMHU (B T.4., 3QJHUINKOBI BIAXOJH JIOMOTOCIOJAPCTB,
opraHizamiii Ta TIANPUEMCTB), IO HE MICTITh MOTEHIIHO Hebe3neyHux abdo
IIK1ITMBHX JIJIS1 HABKOJMIITHEOTO CEPEIOBHUINA PESYOBUH Y MiJBUINCHIA KOHIICHTPALIIT
Ta HE CTAaHOBJATh HEOE3MEKH JUIS HaBKOJIMIIHBOTO cepenoBuina. Yacto s Iux
1iJIeH BUKOPHUCTOBYIOTHCS IIaXTH, BUBEACHI 3 eKCIIyaTallil kaMm’sHi Kap’epu a0bo
KOJIMIIIHI POJIOBHIIA KOIIAJIMH 3 BIAKPUTHUM CIIOCOOOM BHIOOYTKY, 1110 BIAMOBIAAIOThH
MPUHIIAIIOBUM T1IPOJIOTIYHUM BUMOTaM. Llell THI MoNiroHy € HaWMmoIUPEeHIIUM
TEXHIYHHM BapiaHTOM 3aXOPOHEHHS I1HEPTHUX BIIXOMIB a0 3ATHIIKOBHX
MaTepiajiB miciss 00pOOKH KX BiIXO/IiB.

YrpaBiiHHS TOJITOHOM 3JIIHCHIOE CyO’€KT TOCIOJAPIOBAHHS, SKWUH MMOBUHEH
MaTH JIO3BUI Ha 3/IIFICHEHHS OIepalliif 3 BUIAJICHHS BiIXO/iB, a B pa3i 3aXOPOHEHHS
HB — nitien3ito Ha 31l iCHEHHS TOCIOAapChKOT AisIbHOCTI 3 yrpasiaiaas HB.

BucHOBKH i nepcneKTHBH MOAAJBIINX AOCTIIKeHb
Cdepa moBomxenns 3 TIIB B Ykpaini 31e01IbLI0OI0 CKITATAETHCS 13 MiATPUEMCTB 110
BuBe3eHHIO TIIB Ta momiroHiB s ix 3axopoHeHHs. IcHyIOuMii cTaH cHpaB HE €

HpHﬁHHTHHM SAK 3 TOUKH 30pYy HETAaTUBHOI'O BIIVIMBY Ha HaBKOJHIIHE CEPCIAOBUIIC,
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TaK 1 3 TOYKU 30py HEOOXiTHOCTI rapMoOHi3allii 3aKOHOJaBCTBa YKpaiHU O BUMOT
€C. Bumoru exoiorii, pecypco30epeKeHHsI Ta €KOHOMIKM MOXJIUBO BHUKOHATH
BUKJIIOYHO 3a JOIOMOTOI0 BIPOBA/KEHHS HAMKpAlIMX JOCTYMHHX TEXHOJOTIH,
TOOTO 3aCTOCYBaHHS THX METO/IB BUPOOHHUIITBA, SIKi HA Cy4aCHOMY PiBHI HAYKOBO-
TEXHIYHUX 3HAHb HAJAIOTh MOXKJIMBICTh TFApAHTYBATH SKOMOTA BHIY E€KOJOTIYHY
Oe3reKy.

HocmimkeHHass COpsMOBaHI Ha aHaji3 opraizamii epeKTHBHOTO Ta
yHidikoBaHOTO ympaBiiaHA notokamu TIIB Ta ormsm TexHomoOri# iX HaleXHOTO
30UpaHHs, MEpeBE3CHHs, BiTHOBJICHHS Ta BUAAICHHS, BPaXOBYIOUH PECYPCHHMA
notenuian TIIB, HeoOXiAHICTh Ta JOIIBHICTH BIPOBAHKCHHS MEBHOI TEXHOJIOTIT
00po0IieHHs, BITHOBIICHHS Ta BUIAJICHHS BIIXO/IB 3 YPaxXyBaHHSM 11 XapaKTePUCTHK
1 0OMEXeHb 3aCTOCYBaHHS Ta HEOOXITHICTh MiHIMI3allil HABAHTAXKEHHS Ha JOBKLILIA,
OB’ SI3aHOTO 3 BIAXOJAMU.

[ToxazaHo BaXXIIMBICTH BCTAHOBJICHHS MOCIHIJOBHOCTI YHI()IKOBaHUX METOAMIHHUX
MiAXO/IB 70 €TaliB Ta TEXHOJOTiYHHUX TporeciB moBomkerHs 3 TIIB, Bu3HaueHHS
CKJIaJIOBUX KOYKHOTO 3 eTamiB noBokeHHs 3 TIIB, 3amau ta 1inel, ski MaloTh OyTH
JOCSTHYTI HAa KOXKHOMY 3 eTariB moBopkeHHs 3 TIIB, po3BUTKY Ta i ABUIIIEHHS SKOCTI
HaTaHHs ocyT y cdepi ynpasiiaas [1B B HaceneHnX MyHKTax, CTBOPEHHS YMOB ISt
MiIBUIIEHHS. CTAHJAPTIB XHUTTA HACEJICHHS IIUIIXOM BIIPOBA/PKEHHS CHCTEMHOTO
MiXOMy 10 YIPAaBIiHHS BigXOJaMH, CIHUpal4uch Ha HallioHanbHY CTpaTerito
YIpaBIiHHS BiJIX0J]aMH Ta YHHHE 3aKOHOJABCTBO YKpaiHH.

[omanpini gociimkeHHss OyIyTh CHPSAMOBaHI Ha TMOOYJOBY TEXHOJOTIYHUX
MOJIeJIeH Ta CXeM IIOBO/KCHHS 3 IMOOYTOBUMH BiJXOJaMH 3 ypaxyBaHHIM
T’ ITUCTYIIEHEBOI iepapXii 00iry moOyTOBUX BiXO/IB, 32 aHAIOTI€IO JI0 iICHYIOUUX Y
kpainax €C. BaximBo mpuUIUISITH yBary ITICHOMY OIHCY CXEMH Ha KOXHOMY
eTami, OCKIJIbKM 3arajibHa e(EeKTUBHICTh 1 JOCSKHICTH mijiedt HamionansHoi
cTpaterii 3aJeXuTh BiJ SPEKTUBHOCTI caMe KOXHOI'O eTaly BHBE3CHHS,
TPaHCIIOPTYBAaHHS, 30UpaHHs 1 mepepoOIeHHS.
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INFLUENCE OF CLIMATE CHANGE AND ENLARGEMENT
OF IRRIGATED SOILS ON QUALITATIVE INDICATORS
OF RIVER WATER

Annotation. It was determined that beginning from 1990s increase happened in
temperature and amount of the precipitations significantly reduced. These climate
changes affected the quantitative indicators of the Kur water. The ion content of the
river water considerably rose in 2018 in comparison with 1952 and 1990s. This rise
was more intensive towards the river mouth. In 1952 the ion sum in the Girag
Kasaman station was 419,0 mg|l, but in 1990 this figure was 608,3 mg|l, in 2018 it
was 620,5 mg|l. But in Banka near the river mouth a quantity of ions was 865,0 mg|l
in 1952, 874,7 mg|l in 1990, but it was 888,1 mg|l in 2018. The climate alteration
affected mineralogical composition and amount of biogenic elements. A quantity of
minerals legally rose while approaching the river mouth. Especially this increase
has risen even further for 30 years.

Change of the Kur water quality in this direction causes formation of some problems
in irrigation use. Tons of harmful salts enter every hectare of land. The undrained
and old unrepaired drained soil are salinized and create condition for degradation.
Key words: the Kur river; climate changes; ion content; mineralization; biogenic
elements; water quality
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Introduction

At present there are some problems on the earth and the ecological problems are
more urgent. The climate changes occupy a very important place among them. This
has created and continues to create a fundamental problem on the Earth, including
in the Azerbaijan Republic.

Increase of the temperature and reduction of the rainfalls directly affect the water
supply and rivers including the Kur wateriness. It is known from the statistic
information that the temperature rise and rainfall decrease show itself sharply in the
areas where the Kur river crosses.

A main aim of the researches was to study dependence of the climate change of
the qualitative indicators as its irrigative water and influence of expansion of the
irrigated soils along with the change of the Kur mellowness.

© S.A. Ganiyeva, R.M. Danziyev, E.A. Gurbanov, Z.R. Gurbanova, 2022
ISSN: 2411-4049. Exonoriyna Ge3neka Ta npupogokopuctysanss, Ne 4 (44), 2022




Some different specialists performed researches in this direction and showed
increase of the water mineralization indicators of the water in the Kur in different
years [2, 4,5, 7,8, 9]. E.A. Gurbanov [3], Babayev and others [11], noted the height
of great effect of these waters on soil degradation.

The climate change shows itself in quantity indicators of two main factors:
temperature and an amount of rainfall. Difference of the zone climate along the Kur
of the Azerbaijan Republic have been statistically defined on seasons of 1970-1994
and 1995-2015 (Table 1). An analysis of the temperature on the basis of the
information of the metrological stations in the physical-geographical province of the
Kur valley has been performed and it is clear from the investigations that an increase
of temperature in winter was most 4,4°C in Mingachevir, the least in Ganja — 0,8°C.
But in the spring months the temperature decreased — 0,1-1,2°C in all other stations.
In the summer months the temperature increased in all other stations except the
Mingachevir station (Table 1).

Table 1. Difference of the temperatures on seasons of 1980-1994 and 1995-2015

Ne Metrological Height | Winter Spring | Summer | Autumn | Annual
station (m)
1 Mingachevir 93 +4,4 -0,5 -0,1 +1,1 +1,2
2 Zardab -5 +11 -0,4 +1,7 +1,9 +1,1
3 Salyan -22 +0,8 +0,2 +1,3 +1,8 +1,0
4 Shamkir 165 +0,9 -0,1 +0,9 -1,0 +0,2
5 Ganja 309 +0,8 -1,2 +1,2 +1,3 +0,6
6 Aghstafa 340 +0,9 -0,2 +1,1 +1,2 +1,0

Table 2. Difference of the precipitations on seasons of 1970-1994 and 1995-2015

Ne Metrological Height Winter Spring | Summer | Autumn | Annual
station (m)
1 Mingachevir 93 -12,6 +25,6 -3,3 -65,8 -65,7
2 Zardab -5 +5,8 +6,2 -23,5 -20,1 -31,7
3 Salyan -22 +1,5 +25,7 -19,3 -24,6 -16,7
4 Shamkir 165 -12,1 +0,1 +7,6 -44,7 -49,1
5 Ganja 309 -1,6 +27,3 -1,9 -19,8 +4,0
6 Aghstafa 340 -13,4 21,2 -18,9 -23,5 -34,6

The temperature grew in all the station except Shamkir station in autumn. The
performed analysis gives a chance to say that the most temperature rise was observed
in the zones along the Kur in autumn. An average annual rise of the temperature was
observed in all the stations along the Kur.

The most index was in Mingachevir — 1,2°C, the least index was in Shamkir —
0,2°C. It is possible to conclude from the investigations that the temperature which
is a main element of the climate has risen significantly in the last 20 years (in the
zones around the Kur (Table 1)).

It is seen from Table 2 that reduction happened in an average annual quantity of
precipitations in other stations except Ganja station. The precipitation decrease was
mainly observed in summer and autumn. But in spring months increase of the
rainfalls is felt.
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Object and method of the research

An object of the research is a great river of Kur in General Caucasus, its total length
is 1515 km. The Kur belongs to three countries — Turkey, Georgia and Azerbaijan.
Its length is slightly more in Azerbaijan [4]. An average yearly water consumption
is 229-288 m¥/sec, in Mingachevir, 440-480 m®/sec, in Surra hydro-station after
joining the Araz, but 395-436 m®/sec in Banka hydrostation some distance from the
Araz. Its water consumption was 392-434 m3/sec, in the mouth of the river was 392—
434 m¥/sec, in 1980-1985. But it is important to note that the water consumption
rises till 2000 m*/sec, in some years. Construction of the water storages over the Kur
and the climate changes in last 30 years affected decrease of its water consumption.
The riverbed is formed in the zones with semi-desert and arid steppe climate with
mild winter [7, 8].

The mathematic-statistic method along with the modern and traditional methods
was also used. Some information related to water Management Project Institute off
Azerbaijan [1].

The chemical analysis of water was performed by generally accepted methods
[6, 10]. The water for analysis was taken in containers of 100 gm?® from upper, middle
and bottom part in vertical direction. The water samples were obtained in irrigation
period of the agricultural plants — in May and August months.

Conclusion and analysis

The information obtained from the researches shows that it is possible to divide the
reasons of change of the substance amount in water content of the Kur into two
groups: natural and anthropogenic. A basis of the natural reason is climate alterations
and phenomena. A nutrition source of the Kur is 36% snow, 30% subsoil water, 20%
rain, and 14% glacial water. 80% of the Kur water directly related to climate.
Therefore, the climate change affects its wateriness and water content intensively.
We got the information due to 1952 and 1990 from the reference and archive
materials to define this change [7, 8]. The information of 1952 was taken because
after that time construction of the water storage over the Kur river shattered its
natural flow regime, and this didn’t go unnoticed by the water amount and quality.
After 1990s the changes occurring in climate directly affected the Kur flow and water
gualitative content.

The alteration of ion content in waters of the separate hydrostations was
determined in the Kur river of Azerbaijan on years (Table 3). The consequences of
the analyses of the there — year information for comparison have been given. A main
character of 1952 is that the flow of the Kur wasn’t regulated until this year. That is
the dam and water storage weren’t constructed. That’s why, it is necessary to
compare the results of the information of the next years with this year.

According to the information of 1952 the ion content changes as it reaches the
mouth. A sum of ions was 522,6 mg|l, while it was 419,0 mg|l in the Giragkasaman
massive, but its amount grows and becomes 865,2 mg|l as it reaches the mouth.
An amount of anions SO4, HCO3 and CI- quickly increased as it reaches the mouth,
but Ca*2 cation amount sharply decreased. A quantity of cation comparatively grew
in the Surra hydrostation after joining the Araz. An amount of Mg?* cation decreased
in the Surra hydrostation and grew towards the mouth again.
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Table 3. Alteration of ion content of the waters in the Kur in separate stations
on years

Distance lon content of water, ml/I Total | Water
Hydrostation | fromthe ['ca [ Mg [Na+K [ S0, | HCo,] CI | Mg/l | consum-
station, ption
km m3/san
1952

Giragkasaman 771 70,2 | 21,3 | 715 | 2062|1728 | 39,8 [4190| 381
Mingachevir 602 55,8 | 27,6 | 87,5 | 1935|1786 | 89,6 |522,6| 390

Yevlakh 567 52,4 | 33,7 | 93,5 | 1983|1924 | 92,7 |663,0| 371

Zardab 392 52,8 | 34,3 | 88,8 |1935|1825| 97,6 | 6495| 366

Surra 207 52,6 | 24,4 | 94,4 | 210,6 | 1954 | 100,3 | 677,7| 558

Shirvan 150 64,5 | 353 | 132,62557[190,3|1115|789,0| 548

Salyan 87 67,4 | 50,3 | 1416 | 260,3 | 211,2|113,7|8445| 525

Banka 18 67,6 | 47,2 | 136,4]281,4]219,0] 1135|8652 524
1990

Giragkasaman 771 69,6 | 28,5 | 87,7 |201,0|176,3| 452 |608,3| 308
Mingachevir 602 51,2 | 30,1 | 82,9 | 206,2 | 184,1| 935 | 6480 279

Yevlakh 567 52,5343 | 91,6 |2049]186,8| 1019|6719 263

Zardab 392 53,6 | 38,0 | 92,5 | 21101881 | 985 |681,7| 271

Surra 207 56,2 | 39,1 | 96,7 | 212,6 | 191,3 | 103,8 | 804,7 | 509

Shirvan 150 62,6 | 43,2 | 128,6 | 250,0 | 199,5|112,6 | 806,5| 491

Salyan 84 68,8 | 51,3 | 148,7|268,9 |212,8 | 116,2 | 866,7 | 479

Banka 18 69,1 | 63,7 | 142,5|276,7 | 210,3 | 112,9 | 874,7| 402
2018

Giragkasaman 771 67,3 | 22,5 | 78,1 |211,7]179,2| 51,7 |[620,5| 299
Mingachevir 602 559 | 245 | 85,6 | 2382|1964 | 69,5 |670,1| 273

Yevlakh 567 57,5 ] 36,1 | 90,3 | 2114 | 193,7 | 106,7 | 695,7 | 269
Zardab 392 54,8 | 29,8 | 93,9 | 223519981012 |703,0| 251
Surra 207 67,7 | 28,8 |136,5]259,1|202,0]103,5|797,0] 508
Shirvan 150 68,9 | 34,1 |139,2|268,2|201,8|101,6 | 813,8| 489
Salyan 84 69,5 | 57,2 |147,0]269,7 | 216,5|119,3 |879,2| 425
Banka 18 69,8 | 59,6 |149,7]271,4|219,0 1186 881 382

According to the information of 1990 a quantity of ion was more (Table 3).
A main reason of these changes is anthropogenic factors, but the climate alterations
must be felt. The information of 2018 shows that an increase of ions amount is
related to the climate changes.

The ions change in the river waters occurs in two directions. The fist is an increase
of ions amount in the water towards the mouth. The second is the increase of ions
from previous years to the present. The main reasons of this are increase of
temperature and intensification of evaporation. The reduction of the rainfalls
stimulates this increase.

The analysis shows that an influence of the changes occurring in climate is felt in
all ions amount of the water (Table 3). The general mineralization in waters increases
under an influence of the climate changes (Graphics 1). It is clear from the graphics
analysis that mineralization increases to Mingachevir, but this increase is very little
noticeable. Though mineralization rises up two times in hydrostation after Yevlakh
i.e. in Zardab, this increase weakly shows that the rise.
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The researches show that the rise on years and stations is observed in an amount
of the biogenic elements of the water (Table 4). A quantity of total nitrogen in
Giragkasaman hydrostation grew 1,01 mg|l in 1952, but it was 1,98 mg|l in 1990, it
became 2,25 mg|l in connection with the climate change in 2018. Such change is
observed in a quantity of total phosphorus. The directions of the alterations occurring
in mineralization repeat in biogenic elements. According to the information of 2018
an amount of total nitrogen is 2,25 mg|l in Giragkasaman and it gradually reduces
towards the place at the joining of the Araz river, then. This index intensively rises.
Undoubtedly, this is influenced by the composition of the waters of the Araz river.
But this state isn't observed in total phosphorus. Change of mineralization in
hydrostations as they move away from the mount of the Kur river on years (pic. 1).

1,05 -

0,90
- !—l"/./r
0,60

0,45 T == 1990

0,30 f’/M —2018

0,15 -

1952

mineralization, g|l
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771 602 567 392 107 150 84 18

Picture 1. Change of salt quantity over years

Table 4. Alternation of biogenic elements in the separate hydrostations of the Kur
river on years

Distance from Sum of total hidrogen, Sum of total phosphorus,

Hydrostation the mouth, mg/l mg/l
km 1952 1990 2018 1952 | 1990 | 2018
Girag 771 1,01 1,98 2,25 0,017 | 0,031 | 0,048

Kasaman

Mingachevir 602 1,03 1,31 1,32 0,019 | 0,036 | 0,051
Yevlakh 567 1,11 1,35 1,42 0,026 | 0,049 | 0,054
Zardab 392 1,19 1,30 1,28 0,029 | 0,051 | 0,063
Surra 207 1,43 1,57 1,52 0,022 | 0,048 | 0,057
Shirvan 150 1,50 1,62 1,79 0,027 | 0,052 | 0,059
Salyan 84 1,52 1,78 1,86 0,030 | 0,056 | 0,064
Banka 18 1,55 1,81 1,84 0,033 | 0,059 | 0,068

It is seen from the information of 2018 that total phosphorus gradually rises
towards the mouth. It is clear from the information that a quantity of biogenic
elements in water occurs in increase direction beginning from 1990s. It is possible
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to relate it to the changes occurring in climate. Though these alterations are observed
by floods for two times, the noticeable reductions are available in an amount of water
consumption.

The researches indicate that the water mineralization increased in the rivers
including in the Kur basin for recent decades. There are other factors in the climate
along with the temperature increase and precipitation decrease.

As we mentioned above, expansion of irrigated soil, the water returning in the
opposite direction in irrigation raise mineralization. Expansion of irrigation
intensifies this process.

The irrigative water causes increase of groundwater in the higher areas. The
irrigative water which is salinized in the Kur river mixes with the groundwater and
returns to the Kur again. This process occurs several times, firstly returning of excess
water from surface irrigation, and the second is due to the construction of the
collector drainage, and the water is collected and mixed with the river water, the
third is water storage constructed on the Kur, Araz and other rivers. The water which
collects in these storages intensively evaporates in a hot period and therefore
mineralization rises. For.ex: the water storages built in the rivers of Mingachevir,
Shamkir, Tazakand, Varvara on the Kur, and Araz, Mil-Mughan and other rivers on
the Araz increased mineralization of the Kur River.

The observations indicate that water mineralization in the river rises even higher
in the dry years. We have prepared a graph of water salinization due to enlargement
of the irrigated soil area on the basis of the above results (pic. 2).

Saltness, g|l

~1,30

=1,20

- 1,10 .

0 10 20 30 40 50 60 70 80
an area of the irrigated soil, %

Picture 2. Impact of increase of the irrigated area on salinization

It is known from the graph that an enlargement of the irrigated area in the low
flow of the Kur river is a reason for saltness increase. Growth of the irrigated part of
the general area is attributed to water salinity. For.ex: if 10% of the general area is
irrigated, the saltness doesn't change. But if 5% of the soil is irrigated, the saltness
rises for 2 times. The irrigated soil area rises 2,5 times at 80%.
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Conclusion

The research and statistics analyses show that the changes in climate of the Kur river —
the temperature rise and rainfalls decrease are occurring. This doesn't pass unnoticed
to the ecosystem and human economic activities, it seriously affects the qualitative
and quantitative indicators of the water supply.

The information in the hydrostations over the Kur river on different years
indicates that an amount of ions in water content rose and this increase grew until
two times after 1990s. A quantity of minerals in water content rose more than 50%
towards the mouth. The biogenic elements in water content — total nitrogen and total
phosphorus also increased, this rise is observed in the stations which are far from the
stations. As a result of enlargement off the irrigated soil area, the saltness indicator
rose in the water of the Kur river.

Increase of the ion content and mineral of the irrigative water created salinization
risk of souls and this causes the entry of harmful salts (on average 10 tons per
hectare). As a result of enlargement of the irrigated soil area, the saltness indicator
rose in the water of the Kur river.
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C.A.T'anieBa, P.M. Jlansies, E.A. I'yp6anos, 3.P. I'yp6anoBa
BILIMB KJIIMATUYHHUX 3MIH TA PO3IIUPEHHS 3POIIIYBAHHS IPYHTIB
HA SIKICHI IOKA3HUKHW PIYKOBOI BOJIA

AHoTamis. BcranoBneno, mo mounHaroun 3 1990-x pokiB BimOyJiocs ITiABHINEHHS
3arajgbHOI TeMIIepaTypHy TIOBITPS 1 KUTbKICTh OTaIiB 3HaUYHO 3MeHImmacs. i 3MiHu KiriMaty
BIUTMHYJIM Ha KUTbKICHI IMOKa3HUKH SIKOCTI Boaw piuku Kypa. BmicT ioHIB y piukoBiit Bozi
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y 2018 p. 3HayHO 3pic y mopiBHsAHHI 3 1952 Ta 1990 pp. IHTeHCHBHINIE 3pPOCTaHHS
cnocrepirajocs o063y rupia piuky. Skio B 1952 p. BMicT i0HIB Ha TiApOJIOTIYHIN CTaHIiT
INipar Kacaman cranoBuB 419,0 mrjm, To B 1990 p. meit mokasHuk ckiaaaB 608,3 mrjm, a B
2018 p. — 620,5 mrjn. A Ha rigponoriuHii ctaHmii baHka Oinsg rupia piuyky KiTBKICTh 10HIB
craroBmia 865,0 mrjn y 1952 p., 874,7 mrjn y 1990 p. Ta 888,1 mrjn — y 2018 p. 3mina
KJIiMaTy BIUIMHYJIa HA MiHEPAJIOTIYHHN CKJAN i KiNBbKICTh OIOTEHHHX €JIEMEHTIB PidKOBOI
BoaW. 3 HAOMIDKEHHSM [0 THpIA PiUYKA piBeHb MiHepamizamii 3aKOHOMIPHO 3pOCTaB.
Oco0MBO TTOKAa30BUM € 1€ 3pOCTaHHs 3a ocTaHHi 30 poKiB.

3mina skocti Boam p. Kypa BuKIMKae 3HauHI npoOiieMH TIIpH  3acTOCYBaHHI
3pOLIyBaJIbHUX 3aX0JiB. Ha KoXeH rexrap 3emii MOTPAIUISIOTh TOHHH IIKIJJIUBHX COJICH.
Heocymieni Ta crapi HEBIJHOBJICHI OCYIIEHI IPYHTH 3acOJIIOIOTHCS, 1, TaKMM YHHOM,
CTBOPIOIOTHCSI YMOBH ISl IOAANIBIIOT JeTpajialii I'PyHTIB.

Karouosi caoBa: p. Kypa; 3miHM kimimary; BMICT i0OHIB; MiHepali3alis; OioreHHi
eNIEMEHTH; SIKICTh BOJIH
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DETERMINATION OF THE NORMS
FOR THE TRANSPORTATION OF HOUSEHOLD WASTE FOR HIRSKA
AMALGAMATED TERRITORIAL COMMUNITY SETTLEMENTS

Abstract. Solving the problem of household waste management is based on
determining the amount of waste generated. It is important to conduct research for
both urban and rural settlements with different degrees of coverage of the
population by a centralized system of collection and removal of household waste in
order to obtain more reliable results.

The purpose of the work is to improve methodological approaches to determining
the norms of providing services for the transportation of household waste in
populated areas.

Analysis of literature data shows that there is no valid data on field measurements
and their results, and there are no consistent forms of presentation of the obtained
results. This makes it impossible to compare them and carry out a deeper analysis
to identify the dependence of the calculated accumulation rates on the population
and the level of coverage by the centralized collection system and transportation of
household waste in cities, territorial communities and villages.

This article presents field studies performed to determine the volume of household
waste generation from the sources of its generation. On-site measurements were
carried out on the territory of the Hirska Amalgamated Territorial Community.
Key words: municipal household waste; mixed household waste; service provision
norms; formation norms
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! Kuischkuii HanioHanpHUl yHiBEpCUTET Oy IiBHUITBA i apXiTeKTypu, M. Kuis, Ykpaina
2 JlepsxaBHe mignpueMcTBo «HaykoBo-JOCHiaHME Ta KOHCTPYKTOPCHKO-TEXHOJIOTIUHHIA
IHCTHTYT MiCBKOTO TOocTioiapcTBay, M. KuiB, Ykpaina

BU3HAYEHHS HOPM HAJIAHHS ITIOCJIYT
3 BUBE3EHHS IIOBYTOBUX BIIXO/IIB /51 HACEJEHUX ITYHKTIB
I'PCBKOI CLJIbCBKOI OB’€JTHAHOI TEPUTOPIAJIBHOI TPOMA TN

Anomayin. Bupiwennsi npobnemu ynpaguints nooymosumu gioxooamu 6a3yemocs
Ha BU3HAYeHHi Kinbkocmi ix ymeopeuHus. Ilpuuomy eajciueo npogooumu
00CNi0JCEHHs AK 0N MICOKUX, MAK § 018 CiIbCbKUX HACENEHUX NYHKMIG 3 PI3HUM
CmyneHeM OXONNeHHs HACENeHHS YEeHMPANi306aH0I0 CUCMEMOI0 30UpaHHs ma
BUBE3EHHSL NOOYMOBUX 6I0X0018 OJ1s1 OMPUMAHHSL OLbUL OOCMOBIPHUX PE3YIbMamie.
Memoro pobomu € yOocKkoHaneHHA MemOoO00I02IYHUX Ni0OX0018 00 BUSHAYEHHS HOPM
HAOAHHs NOCTY2 3 8UBE3EHHS NOOYMOBUX 8i0X00I8 ) HACEIeHUX NYHKMAX.
I3 ananizy aimepamypuux OaHux 6CMAHOBIEHO, WO BIOCYMHI OOCMOBIPHI OAHI NPo
npoeedeni HAMypHi 3amipu ma ix pezyibmamu, 6i0CYmHi €Ouni opmu noOaHHs
OMPUMAHUX Pe3YTbIAmie, Wo YHEMONCIUBTIOE X NOPIGHAHHA MdA NPOBEOeHHs
2UOUO020 AHANI3Y 13 GUAGNEHHSA 3ANEHCHOCHI PO3PAXOBAHUX HOPM HAKONUYEHHS OO
KIIbKOCI HACEeNeH sl MA Pi6Hsl OXONAEHHSl YEHMPAI308AHOI0 CUCEMOI0 30UpaHHsl
ma 6ugezeHHs noOymoeux Gi0X00i6 y Micmax, mepumopialvbHux zpomaoax ma
cenax.
Y npeocmasneniti pobomi euxonani Hamypui 00CaiONHCEHHS 3 BUSHAYEHHA 00CALIE
ymeopenHs nobymosux i0xo0ig 8io dicepen ix ymeopenns. I[lposedenns namypnux
samipie  6i0Oysanuce Ha  mepumopii  lipcvokoi  cintbebkoi 00 e€onanoi
mMepumopianbHoi epomaou.
Knrouosi cnosa: nodymogi 8ioxoou,; smiwiani nooymosi 8i0xoou, HOpmu HAOAHHSA
nocyz; HOpMU YMEopeHHs

DOI: https://doi.org/10.32347/2411-4049.2022.4.80-90

Beryn

IMocTanoBka 3aBnanus. OHIEI0 3 MPUYHH €KOJOTTYHO HeOe3MeyHOl CUTYyaIlil, sKa
cKiajachk B YKpaiHi B cdepi ynpaBiiHHS BiAXomaMu, € HEe(hEeKTUBHICTb CHCTEM
30MpaHHs Ta TPAHCIOPTYBaHHA MOOYTOBHX BiAXOIB BiJ MICIb YTBOPEHHS 10
00’€KTIB mepepoOsicHHS, BITHOBICHHS a00 BHJAJCHHSA BIAXOMiB. TEXHIKO-
CKOHOMIYHI TTOKa3HWKH CUCTEMH 30UpaHHS Ta TPAHCIOPTYBaHHS MOOYTOBUX
BIIXOXIB 3ajekaTh Bijg 0OcCsAriB yTBOpPEHHS MOOYTOBUX BiaxoziB. Bimomo, mio
OCHOBHUMM JIKEpellaMH YTBOPEHHs MOOYTOBUX BiXOIIB B HACEJCHUX IYHKTaX €
JKUTIIOBI OyIMHKH JOMOTOCIIOAaPCTR Ta MiANMPUEMCTBA, OpPraHi3allii, yCTaHOBH.

[IpoekTyBaHHA CcXeMH CHCTEMH 30MpaHHS Ta TPAHCIOPTYBAaHHS MOOYTOBHX
BiIXOJIiB Ta BU3HAYCHHS ii MOTY>KHOCTI 3aJIe)KaTh BiJ 00CATIB yTBOPEHHS BiAXOIIB,
00paHOl TeXHOJIOT1] BiTHOBJICHHS Ta BHIIIJICHHS BIAXO/IB, MPUPOJIHO-KITIMATHIHHUX
YMOB B PEriOHi, 0COOJMBOCTEH peibedy MICIEBOCTI, MEPCIEKTHBH 3a0yaI0BH
TEpUTOPii, POTHO30BaHOI 3MiHU YHCEIBHOCTI HACEJIEHHS, MOP(OJIOTIYHOTO CKIIAIy
Ta (Pi3UKO-XIMIYHHX BIACTHBOCTEH IMOOYTOBUX BiIXOIB.

[IporHozyBanHsi 0OCSATIB yTBOPEHHS IMOOYTOBHX BIOXOMIB 3 ypaxyBaHHSIM
coLiabHO-1eMOrpadiyHUX, MiCTOOYIIBHUX, EKOHOMIYHIX YNHHHUKIB CTA€ MOKIUBUM
MIPY BU3HAYCHH1 HOPMH HaJaHHsI IOCIYT 3 BUBE3EHHS OOYTOBUX BiAXOIB.
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Hopmu HamaHHS moOCimyr 3 BHBE3€HHS MOOYTOBMX BIOXOMIB — Ii€ KUTBKICHHH
MOKA3HUK CTIO’KMBAHHS TIOCIIYT 3 BUBE3CHHsI TOOYTOBHX BiIXO/IB, SIKI yTBOPIOIOTHCS Ha
OJTHY PO3paxyHKOBY OJIMHHMIIIO 32 TICBHUI Yac (HanpuKIIaa, 100y, Micsip abo pik) [1].

BusHaueHHsT HOpPM J03BOJISiE BUKOPHCTOBYBAaTH OTPUMAaHI 3HAY€HHA IIPU
pO3paxyHKax TEeXHIKO-€KOHOMIYHUX IMapaMeTpiB CUCTeM 30MpaHHS Ta IepEeBE3CHHS
MoOyTOBUX BIAXOMIB MpU po3poOIi CXeM CaHITapHOrO OYMINEHHS Ta MPUOUpPaHHS
HaceNeHWX TYHKTIB, IUIaHyBaHHI TOCIONAPCHhKOi  MiSIIBHOCTI,  PO3poOIl
perioHaNIbHUX Ta MICLIEBUX TUIaHIB YTIPAaBIiHHS BiAX0JaMHU a00 TPH NMPOEKTYBaHHI
HOBHX JISTHOK 3a0yJJOBU HACEICHUX ITYHKTIB.

PoGota BuKOHYeThCA B paMkax peaiizauii HamioHanbpHOI cTpaTerii ynpaBiiHHSI
Bimxomamu B Ykpaini o 2030 poky, cxBameHoi po3nopsypkeHHsM Kabinery
MinictpiB Ykpainu Ne 820-p Bix 8 nucronana 2017 poky Ta 3 ypaxyBaHHSM BUMOT
nocranoBu Kabinetry MinictpiB Ykpaium Ne 1070 Bim 10.12.2008 «IIpo
3aTBepkeHHs [IpaBun HafaHHS MOCIYT 3 BUBE3CHHS HOOYTOBUX BiAXOIIBY.

AHaJi3 ocTaHHIX Jocai:Kensb i mybJikaniii. HaykoBuiil Ta nmpakTnaamiA JOCBI
aBTOpiB PoOIT [2-5] 3acBiguye CyTTEBMI BIUIMB pi3HUX (akTopiB Ha obcsru
yTBOpeHHS TOOYTOBUX BimxoniB. Tak, B poOoTi [2] mokaszaHo, IO HaWOiIbIINit
BIUTMB Ha YTBOPEHHS IMOOYTOBHX BIAXOMiB B M. KUTOMUD MalOTh JOXOIU
HaceJleHHs. B cTarTi 3a3HayaeThcs, M0 PO3BHTOK MPOMUCIOBUX BUPOOHUIITB Ta
3pOCTaHHs PiBHS JOOPOOYTY TPOMAJISIH HAMpsMY BILUTUBAIOTH HA 0OCATH YTBOPEHHS
TIIB. B To#t ke yac, aBTOpH TPH NPOTHO3YBaHHI OOCSITIB YTBOPEHHS
BUKOPUCTOBYIOTh IPOTHO3HI MOKA3HUKH YHCEIBHOCTI HaceneHHs [2].

Brine Ha 30i1bIICHHS HOPMH YTBOPEHHS TTOOYTOBUX BiJIXO/IB IiJ] Ai€I0 3MiH Y
CIOXKMBAHHI Ta COIiaIbHO-€KOHOMIYHOTO PO3BUTKY BioOpakeHO B poOoTi [4].
ABTOpH POOOTH BUKOPUCTOBYIOTH HOPMY HaJaHHS IMOCIYT 3 BUBE3CHHS NOOYTOBUX
BIJIXO/IIB SIK BUXIJHY 1H(pOpPMAIIiIO ISl JOCTIKEHHS PerioHaAIbHUX 0COOJUBOCTEH
3aXOpPOHEHHS TOOYTOBUX BIJXOJIB.

Takox, BU3HAUCHHS HOPMH YTBOPEHHS Ta BUKOPUCTAHHS NPU TMOJAIBLIMX
MPOTHO3HHUX PO3paxyHKax 0OCSATIB YTBOPEHHS MOOYTOBHX BiJXOIB 3a3HAYECHO B
pobotax [4-14].

TakuMm 4MHOM, BH3HAUYEHHS HOPM HAaJaHHS IOCIYT 3 BHBE3EHHS MOOYTOBHX
BIJIXOJIIB JTO3BOJUTH 3a0€3MeUnTH e(PEeKTUBHE MPOTHO3YBAHHS OOCSTIB YTBOPEHHS
MoOyTOBHX BiJXOJliB B HACEJICHOMY IyHKTI Ta PO3paxyBaTH TEXHIKO-€KOHOMidHI
MOKa3HUKH CUCTEMH 30MpaHHS Ta TPAHCIIOPTYBAaHHS MOOYTOBUX BiAXOMIB.

Merta pociigkennsi. BuzHaueHHS KiJIbKICHUX MTOKa3HUKIB YTBOPEHHS TOOYTOBUX
BIZIXOZIIB  BiJl KUTJIOBUX OYyJMHKIB 0araTOKBapTUPHUX Ta OJHOKBAPTHPHHX
(3 HASsIBHICTIO yCiX BHWJIB OJaroycTporo), KUTIOBUX OYIWHKIB iHAWBITYaIbHOI
3a0y0BH (OyIMHKIB IPUBAaTHOTO CEKTOPY ), MiANPUEMCTB, YCTAHOB Ta OpraHi3amiii Ha
MIPUKITal HACENICHNX MYyHKTIB [ipChKOT CIIIbCHKOI TEPUTOPIAIbHOT IPOMAJIH.

Pe3syabTaTn gocaigxeHHs

BusHaueHHST HOpPM HaJaHHS TIOCHYT 3 BHBE3CHHS MOOYTOBHX BIJIXOJIB
Po3poOIIsIMCh 3riAHO 3 BUMoramu [IpaBui BU3Hau€HHS HOPM HAJaHHS HOCIYT 3
BHBE3€HHs MOOYTOBHUX BIJIXOJIB, 3aTBEPKEHUX HakazoM MiHKHTIOKOMYHIOCITY
Vxpaian Ne 259 Bix 30.07.2010 [1].

st po3paxyHKy HOPM BH3HAYAIOTh (PaKTUIHY KUTBKICTh IMOOYTOBUX BiAXOMIB 3a
JDKepeldaMy X YTBOPEHHS Ha OCHOBI HATypHUX 3amipiB NpOTATOM 7 [HIB.
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CepenHbopiuHi pO3paxyHKHA BKIIIOYAIOTh BHKOPHUCTAHHS KOE(DIIIEHTIB CE30HHOT
HEPIBHOMIPHOCTI YyTBOPEHHS TBEPAUX MOOYTOBHX BiIXO0/iB (32 00’ €eMOM).

Teepai moOyToBi Bigxomu y [ipchkill ciibebKiii 00’€IHaHIA TepUTOpiaIbHIN
rpoMaji 30MparoThes, MEPEBaXkKHO, B KOHTeiHepu MicTkictio 0,75 M3 1,1 M3, sxi
po3MillleHi B MiICTi Ha KOHTCHHEPHHUX MaimaHumkax, abo Oe3rmocepemIHbo
B CMITTEBO3, KOJIM BiH PyXa€eThCS 32 MapLIPYTOM.

Jus wacemeHmX TyHKTIB [ipchkoi CiIbChKOi 00’€HAHOI TEPUTOPIATbHOL
TPOMaJIH BiAOBIMHO /10 BUMOT [ 1 | mpuifHATO, 1110 BUMiproBaHHS KinbkocTi TIIB s
KHUTIOBUX OYOMHKIB MPOBOAATH HA YACTHHI TEPUTOPii >KUTIOBOI 3a0ymoBH
HACEJICHOTO MTyHKTY, A€ MPOKUBAIOTh 2% Bifl 3arajJbHO1 YNCENBbHOCTI MEIIKAHIIIB.

s mpoBeneHHS MOCHIMKEHL Oyim oOpaHi TpW KOHTCHHEpHI MalTaHIMKH
0araToKBapTUPHUX OYAMHKIB 3 HACEICHHAM 589 YOI, CiM BYJIHIb 3 HACEJICHHSIM
530 yon. B OJHOKBapTUPHUX OyAMHKAax Ta OyIWHKaxX 1HAMBIIyalibHOI 3a0yI0BH,
3 MIPUCATUOHOIO AUISTHKOIO.

Ilix d4ac BHUMIipIOBaHHSA KITBKOCTI TBEpOUX TOOYTOBHX BIIXOMIB, IO
YTBOPIOIOTHCS Ha MiAMPUEMCTBAX, YCTAHOBAX, OpraHizallisiX, OOMparoTh HAKOLIbII
XapaKTepHi ISl JAHOTO HACEJICHOTO IyHKTY JDKepesa y KUIbKOCTI He MEHIIE JIBOX.

Jiia mpoBeneHHs 3aMipiB 1 JOCTiHKeHb OYIN MPUUHATI HACTYITHI BUIN JKEPET
yrBopeHHs TIIB:

* JKutnoBi OynuHkm OaraTOKBapTHpPHI Ta OJHOKBapTUPHI YHOPSIKOBaHI
(3 HasBHICTIO YCiX BHIIB 0JIar0yCTPOIO);

* JKutnoBi OyauHKM iHAWBiAyanpHOiI 3a0ynoBu (OyOWHKH TNPHBATHOTO
CEKTOPY), 3 MPUCATUOHOIO AiISTHKOIO;

e Toremni;

* T'yproxurkuy;

* 3araJbHOOCBITHI IIKOJIM;

* JIOWIKiNBHI AATSYI 3aKIIaIH;

e Cknanm;

* AIMiHICTpaTHBHI Ta rPOMaJIChKi YCTaHOBH 1 OpraHizarii;

* 3akiaayu KyJbTypH i MUCTEITBA;

 [IpomroBapHi Mara3uHu, JapbKH, KIOCKH;

 [IponoBoispui Mara3uHu, JapbKH, KiOCKH;

* Antekwu;

*  Punxm;

» 3akiaau rpoMajJcbKOro XxapuyBaHHs (pecTopaHH, Kade, inanbHi Ta iH.);

* [limnpuemcTBa MoOyTOBOrO 0OCITYrOByBaHHS,

» TomikmiHikm;

» KuagoBuiua, koymOapii.

B niepion 3 08.08 mo 14.08.2022 p. mpoBeieH1 HATYpHI TOCTIKSHHS Ha TEPUTOPIT
I'ipchkoi ciibChbKOT 00’ €JHAHOT TEPUTOPIAILHOT IPOMaIH.

Ha oGpanux mkepenax yTBOpeHHS! OOYTOBHX BiIXOAIB Y BU3HAYEH]I TEpPMiHH B
MICISIX PO3MINICHHS CMITTE30IpHUX KOHTEWHEPIiB 3iHCHIOBAIKMCH IIOJCHHI
(BIPOJIOBXK HE MEHIII CEMH JHIB TIOCILIb) CIIOCTEPEKEHHS Ta 3aMipH KITbKOCTI
BiJIXO0/IiB 32 00'€MOM Ta Macolo.

st BUMipIOBaHHS KiJIBKOCTI TBEPAUX MOOYTOBUX BigXOiB BUKOPHCTOBYBAJIH
HacTyIHE 00JIaTHAHHS:

a) pyJeTKa;

0) nuramometp JII1Y-5-2 5 Ha 500 kr, moxuOka 3BaxxyBaHHS £2%.
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BumiproBaHHS KITBKOCTI TBEpAMX MOOYTOBHX BiAXOMIB pPO3MOYHHAIN 3 BHOOPY
MapIIpyTiB  CHCIaIbHOTO aBTOTPAHCIOPTY, IO 3MdiMCHIOE 30UpaHHA Ta
NepeBe3eHHs TBEPAUX NOOYTOBUX BiIXOHiB (CMITTEBO3), I KOKHOTO 3 0OpaHUX
JDKepelt, a TAKOXK KiJTbKOCTI pO3paxyHKOBUX OJWHHI [UIS KOYKHOTO MapLIpyTy.

[lin wac mpoBeneHHS BUMIPIOBAaHHS KUTBKOCTI TBEPAUX MOOYTOBUX BiIXOIiB
¢ikcyBanu:

* KUIBKICTh KOHTEHHEPIB, OI.;

* 00'eM KOXKHOTO KOHTeHEpa, Ky0. M;

* CTYyMiHb 3aIIOBHEHHS KOHTEHHEPIB TBEPAUMHU NOOYTOBUMH BiJXOJaMH;

* Macy KOHTEHiHepa MOPOXKHBOTO Ta 3allOBHEHOTO TBEPAMMHU MOOYTOBHUMHU
BiIXoZaMH ab0 Macy IOPOKHBOIO Ta 3allOBHEHOI'O TBEPAMMH IOOYTOBUMH
BiJX0JJaMH CMITTEBO3A, T.

[lepen mouaTkoM BHMIpIOBaHHSI YCi KOHTEHHEpH OyIW O4YMIICHI BiJ TBEpAHX
moOyTOBHX BiIXO/IiB.

[linm wac BuMmiproBaHHA OyJa BHUKIIOYEHA MOJMJIMBICTh  YIIUTEHEHHS
00CITyTOBYIOUHM TIEPCOHATIOM TBEPIUX MOOYTOBUX BiJIXO/IB Y KOHTEHHEDI.

[lin wac mpoBeneHHS BUMIpIOBaHHS KUTBKOCTI TBEPAUX MOOYTOBUX BiIXOIiB
MOBEPXHS TBEPAUX TMMOOYTOBHX BIOXOMIB, IO 3HAXOIWIWCS B KOHTEHHepI,
PO3piBHIOBAJIACh Ta BH3HAYANAaCh CTYHiHb Horo 3amoBHeHHsA. O0'eM TBepAMX
MoOyTOBUX BIIXOJIB JIOPIBHIOBaB 00'€eMy HANOBHEHOI BIiIXOJaMH 4YacTUHU
KOHTEHHepa.

Sxmo xoHTeiHep OyB HamoBHeHWH 3 BepxoM, Haanumok TIIB 3nimany,
MepeBaHTAXXYBAIM Yy HE3allOBHEHWH KOHTeiHHep, abo, y pa3i Horo BiACYTHOCTI,
3aBaHTa)XyBaJIW Yy TOW CaMHUil KOHTEWHEp IICIS MOro CIIOPOKHEHHS, MICIs 4Oro
MPOBOJIMIT BUMIPIOBaHHS.

[Ticas BignmoBiAHOT cUcTeMaTH3allii JlaHI 3aHOCHIIMCh y CIEIliajibHI TaOJIWYHI
¢dbopmu TIepBMHHUX JAaHuX. [licns 4oro 1i MEepBWHHI JaHi ONparbOBYBalIHCS 32
CTaH/JAPTHUMH  METOJVKAMH  CTAaTUCTUYHOTO  ONpAIIOBaHHS Ta  aHali3y
EKCIICpUMEHTAIbHUX ~ JaHUX  HAayKOBUX  JIOCHI/KEHb 13  BHU3HAYEHHSM
CepeIHPOCTATHCTHYHHX BEJUYWH, CEPEHIX 3HAYCHb JOCHIPKYBAaHUX BEIHYHH, 1X
BipOTiHHX 1HTEPBAIIB TOIIIO.

Pesynprarn HaTypHUX 3amipiB TI1B 3a 00'exTamu ix yTBOpeHHS HaBeieHi B Tabd. 1.

Tabmuns 1 — Hopmu HagaHHS TOCITYT 3 BUBE3EHHS TOOYTOBUX BimXxomiB y Iipchkiit
CLIBCBKiN 00’ €IHaHIN TePUTOpiaNIbHII rpoMai

YTBOpeHHs
MOOYyTOBHX
o BIZIXO/IIB o
Joxepeno yrBopenHs | Po3paxyHkoBa Kimpiicrs ce;ilemiow}fly [Himesicrs
. . PO3paxyHKOBUX . TIIB
MOOYTOBHX BiJIXOJIIB OJIMHHIISE O IS Ha PiK Ha OJTHY
PO3paxyHKOBY
OJIMHHUIIO
V,M® | m, kr KT/M°
1. XKwurtnosi 6yauHKH
6araTokBapTHpHI Ta
OUOKBAPTHPHI 1 MemKaHeLs 589 2,70 | 439,66 163
yIOpSIKOBaH1
(3 HasIBHICTIO yCiX
BUJIiB 0JIATOYCTPOIO)
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YTBOpEHHA
moOyTOBHX
Jxxepeno yrBopeHas | Po3paxynkoBa Kimsxiors czmé( 0}11;(11\/}[’ [HimenicTs
p YTBOpCHE paxy PO3paxyHKOBUX pen Y TIIB
MOOYTOBHX BiIXO/IIB OIMHUIS Ha PiK Ha OJHY
OIUHHIIb
PO3paxyHKOBY
OTHHMIIIO
V,m® | m, kr Kr/m°
2. Xurnosi OynuHKN
IHAUBiTyaTbHOT
3a0yn0BH (OYMMHIH | ooy 530 3,08 | 5457 177
IIPUBATHOTO CEKTOPY),
3 PUCATUOHOIO
IIITHKOIO
3. Toreni 1 micue 60 1,84 | 2941 160
4. I'ypTOXUTKHI 1 micue 58 2,12 | 327,7 155
9.1 = sarambHOCCRITHL | |y, 1560 022 | 324 | 146
HIKOJIH
5.2 — JOMIKiTkHi 1 micue 190 161 | 2547 | 158
JUTSAY] 3aKIa01
6. Cxnaau 1 M2 utomi 8 550 0,08 15,5 193
7. AnmiHicTpaTHBHI Ta
TPOMAJIChKi YCTAaHOBH ! P 06oue 67 2,30 288 125
. L MicIie
1 oprasizarfii
8. Samamt kymBTYpH | 4o 450 051 | 77,2 150
1 MECTEITBA
9. IIpomToBapHi 1 M2 TOPIOBOI
MaraswHH, JapbKH, op 1080 0,22 30,9 142
} IO
KIOCKH
10. IIpomoBonpui 1 M2 TOPIOBOI
MarasuHH, JapbKy, P 550 1,80 | 274,0 153
} TUTOIII
KIOCKHU
2 .
11. Anrexn 1M TOProBof 130 0,59 78.2 133
TUTOIIT
2 .
12. Punku 1M TOProBof 1000 0,36 65.6 184
TUTOIIT
13. 3akmanu
rPOMaJICHKOr0O
XapuyBaHHS 1 micme 250 2,11 | 381,7 181
(pecropanu, kade,
imaypHi Ta iH.)
14. TlimnpuemcTBa
106yToBOrO I podoue 14 129 | 2157 | 167
Micie
00CITyroByBaHHS
15. ToniximiHiku 1 BifiBiTyBaHHS 4 000 0,02 2,9 143
5 :
16. Knanosuma, 1 m” miomi 67 00 0,06 | 9,9 155
KOJIyMOapii TepUTOPil

i okepen yTBOPEHHS MOOYTOBUX BiAXOIIB, HA SKUX BIAXOIU YTBOPHOIOTHCS
IIO/ICHHO, cepelHbopiuHa HopMa (M%) 3a piKk pPO3PaxOBYETbCS MHOMKEHHAM
CepenHbpO1000B01 HOPMH Ha 365 (KUTBKICTh JHIB POKY), AJIA MiAMPHEMCTB, YCTAHOB
Ta opraizarii — 251.
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CepenHs INITBHICTH TBEPAMX NOOYTOBUX BIAXOMIB, SIKI YTBOPIOIOTHCA Y
KHUTIOBUX OYyJIMHKaxX, a TakoX Ha MiJNpHEMCTBAaX, YCTaHOBAaxX 1 OpraHizamifx,
PO3paxOBYETHCS 32 POPMYIIOLO:

(p6.6. *Kﬁ.ﬁ. + IOn.c. *Kn.c.)
Kﬁ.ﬁ. + Kn.c.

p“ep' - + Pea | 0’ S ' (1)

ne p, ; — cepenns apu(METUYHA MIUIGHICTh TBEPAMX MOOYTOBHX BIAXOIIB, SAKI

YTBOPIOIOTHCS Y 0araTOKBapTHPHUX JKMTIOBHMX OyIUHKAX, KI/M;
K, , — KUIbKICTb HaceJeHHs y 0araTOKBAPTHPHHUX KUTIOBUX OyIMHKAaX B MEXKaX

JIOCJIIPKEHHS, YOJI.;
P,. — CepenHs apu(METUYHA IMUIBHICTH TBEPAMX MOOYTOBHMX BIIXOIIB, SIKI

YTBOPIOKOTHCS Y KMTJIOBHX OyJIMHKAX IPUBATHOTO CEKTOPY, KI/M°;
K, — KUIbKICTh HAaCcEJIEHHs y )KUTJIOBHX OyIMHKAaX NPHBATHOIO CEKTOPY B MEXKax

JIOCJIIPKEHHS, YOJI.;
p.,— cepenns apumMeTHYHa MIUIBHICTh TBEPAUX IMOOYTOBMX BIAXOIIB, SKi

YTBOPIOIOTHCA HA MiANPUEMCTBAX, YCTAHOBAX 1 OpraHizauisax, Kr/m?;
P..p — CCPEIHS IIUIBHICTH TBEPAMX MOOYTOBHX BIAXOLIB, SIKi yTBOPIOKOTBCS Y

JKUTIOBHX OyJMHKAX, a TAKOXK Ha MiANPHEMCTBAX, yCTAHOBAX 1 OpraHizamisax, Kr/m°,
[IpoBiBm BHIIE3rafaHi po3paxyHKH, MU OTPUMAIH, IO CEpeHs IIUTHHICTH
TIIB Ha teputopii I'ipcbkoi cilbehbKoi 00’ €THAHOT TEPUTOPIAILHOT IPOMaIH CKIIAJIA€
163,1 xr/™m°>.
3anexHIiCTh 00CATIB yTBOPEHHS MOOYTOBHX BiJIXOIB BiJI JTHS THXKHS HABECHI Ha
puc. 1 ta 2.
KutiaoBi Oy MHKM GaraToKBapTHPHI KutiaoBi Oy IMHKYM 1HAMBIAYaIbHOT
3a0y10BU

7 10
6 8
5
A 6
3 | I | | 4 |
2 1
2
: I
0 i 0
NH BT cp 4T nNT cb HA nH BT Ccp 4T AT c6 HA
Puc. 1. 3anexuicts o00csariB ytBopeHHsS Puc. 2. 3anexHiCTh 00CATIB yTBOPEHHS
moOyTOBHX  BIAXONIB  BiJl HACENCHHA MOOYTOBHX BIiIXOMIiB BiJl HACCICHHS
0araToKBapTUPHOTO CEKTOPY Ha TEpUTOpii IHAMBiIyasbHOI 3a0y/lOBM Ha TEpUTODIi
T'ipcekoi CUIBCHKOT 00’emHanoi  ['ipcekoi CUIBCBKOT 00’ egHaHol

TepuTopianbHOI rpoMaau (Ky0. M)

TepuTopianbHOI rpoMaau (Ky0. M)
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Ha puc. 1 Ta 2 mokazano oOcsru 3aMipiB YTBOPEHHsSI MOOYTOBUX BiAXOIIB Ha
JOCHIDKYBaHUX O00’€KTaxX, a caMe >XHUTJIOBUX OyIWHKIB OaraTOKBapTHpHUX Ta
XKUTIOBUX OYAMHKIB iHAWBIAyaIbHOI 320y10BH.

Ha puc. 1 mu 6aunmo, 0 TeHEHIIisl 00CSTiB YyTBOPEHHS TOOYTOBUX BiIXO/iB
3 MOHEIIKA MO I ATHULIIO € CePeIHbO-CTa0IFHOI0 Ta BapitoeThes Bia 4 10 6,5 M3 i3
MOJANIBIINM CTIJ0M Y BUXIIHI IHI Maibke 10 HyJIbOBOTO 3HAYCHHSI.

Ha pwuc. 2 mu 6aunmo, 110 TeHACHIIis 00CATIB YTBOPEHHS MOOYTOBHUX BiIXO/IB 3
MTOHETIJIKA 0 T’ SITHUITIO € BapiaTUBHOIO, 3 MIKOBUMH 3HAYEHHSIMH Y TIOHEIIJIOK Ta
uetBep 110 8 M3, cepeaHiM 06CAroM yTBOpeHHs Bia 3 10 4 M° B iHII JHI Ta cagoM
JI0 HYJIbOBUX 3HAYCHb y BUXIHI JHI.

Otpumani pe3yiabTaTH HO3BOJSIOTH CIPOTHO3YBaTH OOCATH YTBOPEHHS
BIIXOZiB, IO 3a0€3MeYnTh Kpalle ONTHMi3yBaHHS TpadikiB Ta MapuIpPyTiB AJs
30upaHHs MOOYTOBMX BIJIXOMIB CHEI[ialbHO O00JIaJHAHUMH TPaHCIOPTHUMU
3acobamu.

BucHoBKH i nepcneKTHUBYU MOAAJBIIUX J0CTIKEHb

[IpoBeneni HaTypHI 3aMipu Ta pO3pPaxXyHKH HOPM HAJaHHS TOCIYT 3 BHUBE3EHHS
TBEpAMX IMOOYTOBUX BIIXOMIB JUIA JKUTIOBUX OYIMHKIB OaraTOKBapTUPHHX Ta
OJHOKBAPTUPHUX (3 HASBHICTIO YCiX BHIIB OJIaroycTpolo), KUTIOBHX OYAWHKIB
iHauBigyanpHOi 3a0ymoBu (OyIWHKIB TIPUBATHOTO CEKTOPY), 3 MPHCATNOHOIO
JTSTHKOO, TOTEJIIB, TYPTOKHUTKIB, 3araJbHOOCBITHIX KL, JOIIKIIBHUX JUTIYHX
3aKJa/iB, CKJIAJiB, aJAMiHICTPAaTHBHHUX Ta TPOMAJChKHX YCTaHOB 1 Oprasizaiii,
3aKJIaiB KyJIbTYpH 1 MHCTEITBA, MPOMTOBApHUX (MarasuHiB, JIApbKiB, KiOCKiB),
MPOJIOBOIPYMX ~ (Mara3uHiB, JIapbKiB, KIOCKIB), amnTeK, pHHKIB, 3aKIafiB
IpOMaJICBKOTO Xap4yBaHHs (pecTopaHiB, Kade, imaneHb Ta iH.), MiANIPHUEMCTB
moOyTOBOTO OOCIYrOBYBaHHS, TMONIKIIHIK, KIaJOBUI, KOJyMOapiiB, cepell SKHUX
Oyi0 oOpaHO HE MEHIe JBOX HAWOLIBII XapaKTepHHUX I HACEICHHWX ITyHKTIB
I'ipchkoi cilibChbKOT 00’ €THAHOT TEPUTOPIAILHOT IPOMAIH.

OtpuMaHi pe3ysibTaTH JOCHIHKCHb JI03BOJIATh 3a0€3MEYMTH MPOTHO3YBAaHHS
o0csATiB  YTBOpeHHS TOOYTOBMX BIIXOJIB 3 ypaxyBaHHSM  COIIaJbHO-
nemorpadivyHuX, MICTOOYIiBHUX, EKOHOMIYHUX YHHHUKIB. HopMu HajaHHS mocmyr
3 BUBE3€HHs MOOYTOBHX BIIXOAIB OYJyTh 3aKiiafieHi B MPOTHO3HI pPO3pPaxyHKH
o0csTiB pobIT 3 CaHITAPHOTO OYHWIICHHS TEPUTOPil HAaceleHHWX IMyHKTIB [ipchkoi
clnbchKoi 00’ €1HAHOT TEpUTOPiaTIbHOT TPOMAIN TA PO3PAXyHKH Tapr(iB HA HAJaHHS
MOCIYT 3 MOBOJKEHHS 3 TOOYTOBUMH BiJIXOJIaMH.
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INFORMATION TECHNOLOGY OF IT-INFRASTRUCTURE
MANAGEMENT ARCHITECTURE ELEMENTS

Abstract. The development of the System Architecture of the IT-infrastructure
focused on the use of modern Data Centers is considered. At the same time, it is
envisaged to create components that describe: general approaches to building a
system architecture; IT-services — information technologies that solve the task of
providing IT-services; logical model of IT-infrastructure. Formulated logic of IT-
infrastructure construction: IT-infrastructure architectures define a set of services.
IT-services are provided to three groups of clients. IT-services and clients are
connected by 5 implementation scenarios. The integration of IT-services is
determined by 5 architectures. As IT-services, we understand information
technologies aimed at maintaining the following elements in a technically good
state: network devices, computing equipment, data storage devices, automatic
software deployment services, network services, perimeter protection services,
directory services, file and print services, data management services, business
application services, IT-management services, archiving and recovery services,
certificate management services, integration services. Architectures define the
fundamental principles of building IT-services and their relationship. Also,
requirements for the creation of IT-services are formed on the basis of the
architecture. One of the most important architectures is architecture of IT-
infrastructure management. The architecture of the management system ensures the
necessary level of I1T-services of the Data Center due to the organization of three
components — personnel, processes, technologies. The tasks of the architecture are:
use of processes and information technologies to identify and minimize failures of
IT-services; ensuring a high degree of integration of information technologies;
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ensuring response to changes in system parameters and performance of service
functions in real time. As an example, the management function of the IT-service
“network administration” (monitoring and control of configuration management
services, coordination of changes, remote management and debugging) is
considered. The algorithmic synthesis of programs and devices network
management is considered, which consists in the construction of a functional scheme
of control devices in two stages — abstract and structural synthesis, and all the steps
of its solution and subsequent hardware synthesis are determined.

Keywords: system architecture; I1T-infrastructure; standardization and unification

C.0. Josruii, O.B. Komniiika, O.C. Ko3/0B

[HcTHTYT TenexomyHikamiid 1 riobanbHoro iHdopmauniiinoro mpocropy HAH VYkpainw,
M. KuiB, Ykpaina

IH®OPMAIIMHI TEXHOJIOT'Ii EJEMEHTIB APXITEKTYPH
YHPABJIIHHS IT-IHOPACTPYKTYPOIO

Anomayin. Poszensnymo pozsumok Cucmemnoi Apximexmypu IT-ingppacmpyxmypu,
opienmosanoi Ha  BUKopucmauus  cydacuux Jlama-yewmpie. Ilpu yvomy
nepeobauacmvbCsi CMEOpeHHs KOMNOHEHMIB, W0 ONUCYIOMb: 3a2albHi NioXoou
nooyoosu cucmemnoi apximexmypu, IT-cepgicu — inghopmayitini mexnonoeii, Axi
supiwyroms 3a60anns Haoauua IT-nocnye; noeiuny mooenv IT-ingppacmpyxmypu.
Chopmynvosana nocika nobyodosu IT-ingppacmpykmypu: apximexmypu IT-
inghpacmpykmypu eusnauarome Habip cepsicie. IT-cepgicu Haoawmvcs mpbom
epynam Knienmis. IT-cepsicu ma xuienmu nog'szani 5 cyewmapismu peanizayii.
Iumezpayiro IT-cepsicie eusnauaromov 5 apximekmyp. B sxocmi IT-cepsicie mu
PO3YMIEMO IHOPMAYIIHI MEXHON02IL, CAPIMOBAHI HA NIOMPUMAHHSA 6 MEXHIUYHO
CRPAGHOMY CIAHI MAKUX eNleMeHMI8. MepediCHi nPUcmpoi, 004UCTIOBAIbHA MEXHIKA,
npucmpoi 36epieanis OaHUX, CIYHCOU aAGMOMAMUYHOL0 PO320PMANHS HPOSPAMHO20
3abe3neuenns, Mepedcesi CyxHcou, cayicou 3axucnmy nepumempa, CysHcou kamanozy,
cyacou aiinie i OpyKy, CAyscOU YRpaguiHHA OAHUMU, CIYAHCOU OI3HeC-000amKis,
cnyacou ynpaeninus 1T, cuyocou apxigysants ma 6iOHOBNIEHHs, CLYHCOU YNPABIIHHS
cepmuixamamu, cyxcou inmezpayii. Apximexmypu 6usHayaromo yHOAMEHMATbHI
npunyunu nobyodosu IT-cepgicis i ix e3aemo3e'azok. Taxooic, na Oasi apximexmypu
gopmyromocst eumoeu 0o cmeopenuss IT-cepgicie. OOHi€ 3 HANUBANCTUBIUIUX
apximexmyp € apximexmypa ynpaeninna IT-ingppacmpykmypor. Apximexmypa
cucmemu ynpaeninms 3abesneuye neooxionutl pigenv IT-cepsicie Jlama-yenmpy 3a
PAXYHOK OpeaHizayii mpbox KOMNOHEHMIE — NePCOHANY, NpoYecis, MexHOAO2I.
3asoanusmu  apximexmypu €: GUKOPUCMAHHA Hpoyecié ma IHGopmayitiHux
MexHoN02il 01 GuAslienHs ma Mminimizayii 6iomos IT-cepgicis, 3abe3neuenns
BUCOKO20 Ccmynens inmeepayii ingopmayitinux — mexHonoziu; 3abe3nevenis
Ppeazysants Ha 3MIHY Napamempie cucmem i BUKOHAHHS CEPEICHUX QYHKYIU 8 pedcumi
peanvhoeo uacy. /s npuxknady poszensiwymo @yukyito ynpaeninus I1T-cepsicom
AOMIHICMPYBaHHS.  Mepedici  (MOHIMOpUHZ I KOHMPOAb — Cepsicié  YNpaeiiHHs
KOH@ieypayiamu, KoopouHayis 3MiH, GIOOANeHe YNPAGIIHHA MA HANAZ00NCEHHS.).
Pozenanymo ancopummiunuii cunmes npospam i npucmpoie ynpaeninHa npoyecamu
AOMIHICMPYBAHHS. Mepedicl, wo noasieac y nobyoosi QyHKYIOHAIbHOT cxemu
NPUCMpOi6 ynpasninia Ha 080X emanax — a0CMpaKmuull i CmpyKmypHuil cunmes, i
BU3HAUEHI 6CI KPOKU 1020 PO36 A3AHHA MA NOOANLWMUL aNapamnuil CUHmMes.
Kniouosi cnoga: cucmemna apximexmypa, IT-ingppacmpykmypa, cmanoapmuszayis
ma yuighikayis
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BCTYII

BpaxoByroun cy4acHi BUMOTH [0 iHPOpMaiifHO-KOMYHIKAI[IHHUX TEXHOJOTIH,
MpH pearnizamii MPOEKTIB s KPYHMHHUX MiAMPHEMCTB, €KOHOMIYHO IOLIIHHO
BHKOPHUCTOBYBAaTH «XMapHi TeXHOJori». CydJaCHUM TPEHAOM IIPpH ITbOMY €
nmoOymoBa €AMHOTO  iHGOPMAIIHHOTO  MPOCTOPY M MIANPUEMCTBA 3
BUKOpHCTaHHSAM cydacHoi IT-iHdpacTtpykrypu [1-22]. OCHOBHUMHU CKIIQJIOBUMHU
equHOro iH(GOPMAIIHHOTO TIPOCTOPY €: €IWHE TPAHCIIOPTHE CEPEIOBHIIE
(mporpamuo-koHpirypoBani  Mepexi SDN  (software-defined networking));
CEepBICHO-OPi€EHTOBaHA apXiTeKTypa iHGOpMaUiiHUX CHCTEM; 1HPPACTPYKTypHI Ta
¢yHkioHaabHi cepsicu [23]. TeXHOIOTIYHOI OCHOBOO € CepBicHi JlaTa-LEHTPH AK
cepsic DCaaS (DataCenter as a Service).

OcHogoto cepBicHux Jlata-nientpis € Habip IT-cepsicis. B sikocti IT-ceppiciB mu
po3ymMieMo iHGOpMAIiiiHI TeXHOJOTIi, CIPsIMOBaHI Ha MiATPUMAHHS B TEXHIYHO
CIIpaBHOMY CTaHi TakWX eJeMeHTIB: Mepexka;, gmaHi; IT-iHppacTpykTypa;
iHdpacTpykTypa iHpopmaniitHux cuctem; Oe3neka [24-32].

Y mifi  crarti  posrnsmatuMeMo  po3BHUTOK  CHCTEMHOI  ApXITeKTypH
IT-indpacTpykTypH, Opi€eHTOBaHOI Ha BUKOPHUCTaHHS cydacHuX Jlata-1ieHTpiB.

MeToro naHUX IOCTiIKEHb € BHPOONEHHs cTparerii po3Butky CHcTeMHOI
Apxitekrypu [ T-iHppacTpyKTypH Ha OCHOBI 3aCTOCYBaHHS IEPEAOBUX METOIOJIOTIH
Ta KOHIIEMI[IH MPOBIMHUX BUPOOHUKIB almapaTHOTO Ta MPOTPaMHOro 3abe3neueHHs
(HP, SUN, EMC, CISCO, Microsoft, ORACLE, Veritas).

KOHLEILIA PO3BUTKY IT-IHOPACTPYKTYPU

Peanizamiss xoHmentii po3Butky IT-iHppacTpykTypu 3a paxyHOK MOOYIOBH
Jara-nieHTpiB NIOKa3zaHa Ha puc. 1.

Takwmit miaxix no3Bosisie TMpoaHamnizyBatu icHyrouy IT-iHppacTpykrypy Ta

BU3HAYMTH HUISIXU T0OY10BH HOBOI Ha 0a3i MpOoTeCcTOBAaHOI, €TAJIOHHOI apXiTEKTypH
MSA [16].

BararopiBneBa
apxitrexkrypa
3MeHBIIEHHS Kilb- 3MeHBIIEHHS Kilb-
KOCTI iHCTAmALi i KOCTI iHCTATALIH

B

Konconiganis mizcncrem Konconiganis qanux

Koncoainanis naargopm

3MeHBIICHHA

Bipryanizan
Kine-Ti miardop :

15

DiznuHa KoOHCOTiAamin

IlenTpanizoBani
(uenTpanizanis)

SAN / NAS

3MEHBILCHHS Killh-T1
Jara-ieHTpis

Iinicue ynpasninus IimicHe ynpasninas

Posnoninena cepena

€IHKa KiNBKICTh ZOAATKIB, ATAPATHH enuKa KUTBKICTE cHeTeM 30epiraHas
niaTgopM, onepanifHHX CHCTEM, JATA- aanx DAS, cuctem pesepBHOro
HEHTPIB, CHCTEM YIPaBIiHHS KONiIOBAHHS

Puc. 1. Konnenist po3sutky IT-iHdpacTpykTypn
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IIpy 1pOMY CTBOPIOETBCSI CHCTEMa KOMIIOHEHTIB, L0 OIHUCYIOTh: 3arajbHi
miaxoau moOyI0BH CUCTEMHOI apXiTekTypu; IT-cepBicH — TEXHOJIOTIUHI CHCTEMH,
SIK1 BUPILIYIOTh 3aBAaHHs KOpIopaiii; goriuny moaens [ T-ingpacTpykTypu.

VY Bunanky nepexony B JlaTa-IeHTpH 1 BUKOPUCTAaHHSA «XMapOBUX TEXHOJOI1H»
OCHOBHUM €JeMEeHTOM YycmimHol moOyaoBu cydacHoi IT-indpactpykrypu €
miatdopma 3araibHOCUCTeMHOro 3abe3neueHHs. L mmatgopma mnpusHaueHa A
OlmpIn  parioHaJbHOI  peamizallii ycix CHCTeM aBTOMAaTh3allii JisSIBHOCTI
HiANPUEMCTB Ta BUPOOHUIITBA MEPEKEBUX MOCITYT IIISIXOM:

1. CrpoieHHs.

2. CraHnapru3ariii.

3. MoaynsHOCTI.

4. Iarerparii.

CupoureHHst

Crpomieni mporpamMHi  3acTOCYBaHHS 1 CHCTeMH JIermie aJanTyBaTH,
BHKOPHCTOBYBATH, 00'€THYBaTH, YIPABIATH HUMH Ta iX mMomudikyBatu. OmuH i3
crnoco0iB BUPIMIEHHS BOTO 3aBAaHHS — KOHcouigamis pecypciB. [Ipu npomy mu
JOCATAEMO TPOCTOTH VIPABIiHHS Ta 3MEHIICHHS KUTBKOCTI CepBepiB, TaKOX
CKOPOYYEThCS Yac, HEOOXiTHUI Ha CTBOPEHHS pPE3epBHUX KOMIH 1 BiTHOBICHHS
iHpopMallii, 1, SIK HACTIJOK, Yac MPOCTOIO.

Cranaaprusauis

CranaapTi 301bITYIOTH BUTO/TY BiJl CIIPOIICHHS 1 MOXKYTh 3aCTOCOBYBATHUCS IS
pI3HUX TpoLeCiB, TMpouenyp, TexHonorii Ta mnporpam. CranmapTuzamis
IT-iHppacTpyKTypH IOCATAETHCS HACTYITHUM YHHOM:

1. BukopucTaHHAM MPOMHUCIIOBO CTaHIAPTU30BaHUX iHTep(delciB, uiathopM i
METO/IiB PO3POOKH MPOTPAMHOTO 3a0€3MeUeHHS.

2. Y3ro/pKeHHSIM 3araJlbHUX MPOIIECIB 1 MOJITHK JJIsl YIPABITiHHS 3MiHAMHU.

3. Cunxpounizaniero [T-nporpam 3 moTouHrMHU oTpedamMu Oi3HEC-TIPOIIECIB, IS
SIKMX BOHH ITPU3HAYCHI.

4. TlinTpUMKOIO 1 CYMICHICTIO 3 ICHYIOUMMH MiJICHCTEMaMH, TEXHOJOTISIMU Ta
KOMITOHEHTaMH.

5. Po3po0OKoto 3arajJbHUX BUMOT JIO CHCTEMH YIPABIiHHS, O€3MEKH, KOHTPOIIIO
Bepciil, KOH(ITypalliif, EMHOCTEH Ta 1HIITUM.

MoayabHicTh

[ToGynoBa cructemMu 3a MPUHIMIIOM MOJIYJIBHOCTI JO3BOJISIE 3MIHIOBATH OAMH 3 11
KOMIIOHEHTIB, BUKJIIOYal0YX [PY [IbOMY BIUIMB HA iHIII.

MoyJIbHICTh TOCSITAETHCS OJHUM 13 CIIOCO0IB:

1. 'pynyBaHHS CUCTEMH 33 O3HAKOIO IJTLOBUX 3aBJIaHb.

2. IloOynoBa cucTeM TakUM UYWHOM, 1100 BOHM MOIJIM TOE€IHYBaTHCA abo
PO3'€IHYBATHCS IPAKTHYHO B PEaJbHOMY Yaci.

3. MoxnuBicTh 3MiHM OyJb-Koi Tpynu, KoH(pirypamii abo KOMIIOHEHTH,
BUKJIIOYAIOYH BIUIMB HA iHIL €IEMEHTH CUCTEMHU.

4. JloCTyHHICTh ayTCOPCHHTY JAJISl MAKCUMAaJIbHOI KiIBKOCTI IIPOLIECiB.

InTerpauis

[HTerpauist 3aBIsSKH OJHOPITHOMY CEpEIOBHILY IIOJIETIIYE BHECEHHS 3MiH,
ynpasiiHHS 1 Mogudikairo.

BumeBkazani TpWHIOWIIA — CHOPOIICHHS, CTaHIAPTH3aIlisd, MOAYILHICTb,
IHTerpallist — 3aKJIafeHi 1 peaai3oBaHi B TUITOBIA CHCTEMHIN apXiTEKTypi.
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Chopmymoemo  Hactymamit  npuHiun — modyzoeu  IT-indpactpykrypu:
apxitektypu IT-iHdpacTpykTypun BHU3HauaroTh HaOip cepsiciB. [T-cepicu
HaJar0ThCs TPHOM TPyIaM KinieHTiB. IT-cepBich Ta KIII€HTH MOB'SI3aHi S CIICHApiIMU
peamizamii. [arerparmito IT-cepBiciB BU3HA4atOTh 5 apXiTEKTYP.

B sxocri IT-cepBiciB Mu po3ymieMo iH(opMamiiiHi TEXHOJIOTII, CIIpsIMOBaHI Ha
MiATPUMAaHHs B TEXHIYHO CIIPABHOMY CTaHi TAaKHUX EJIEMEHTIB:

MepeXKHI IPUCTPOT;

00YHCIIIOBAJIbHA TEXHIKA;

npucTpoi 30epiranHs JaHuX;

CITy’KOM aBTOMaTHYHOTO posroptanus [13;

MepeKeBi CITykOu;

CITy’KOM 3aXHCTY TIEPUMETPA;

CITy’)X0H KaTaJory;

ciryx0u ¢aitnis i APyKy;

CITy>kOU YIIpaBIIiHHS JTaHUMU;

ciryx0u 0i3HeC-10/1aTKiB;

ciryx0u yrpasmiaas [T

ciryxOu apXiByBaHHS Ta BiJIHOBJICHHS;

CITy>kOM ynpaBIiHHA cepTU]iKaTaMu, CiIy>KOH iHTerparii.

Bci kimieHTH mionpUEMCTBa IUIATBCST HAa YOTHPH OCHOBHI rpymu. [Ipu
HEOOXIMHOCTi, KII€HTH JIATBCA BCEPEAMHI KOXXHOI Kareropii oKpemo:
CHiBpOOITHUKH, TAPTHEPHU Ta MAPTHEPCHKI OpTaHi3allii, 30BHILIHI CHIOKUBAYi.

Cuenapii peamizanii: Jlata-ieHTp, JeNapTaMeHT, BiJaaaeHui odic, SKCTPaHET,
InTepuer data-uentp.

ApxiTekTypu: Oe3MeKH, yIpaBiliHHs, 30epiraHHs JaHUX, IPOTPAMHUX JIOAATKIB,
MepexeBa.

APpXITEKTypH BU3HAYAIOTh PyHAaMEHTa bHI MprHIUIHK o0ynosu [T-cepBiciB i
ix B3aemMo3B's130K. Takox, Ha 0a3i apXiTeKTypH (OPMYIOTHCSI BUMOTH JI0 CTBOPEHHS
IT-cepsicis.

APXITEKTYPA CUCTEMH YIIPABJIIHHA IT-IHO®PACTPYKTYPOIO

OnHi€ero 3 HaWBaXIUBIMUX APXITEKTYyp € ApPXITEKTypa CHCTEMH YIpaBIliHHS
IT-indppacTpykTyporo.

Apxitektypa cucremn ympaBmiaHa [T-iHdpacTpykTypoto  3abesmeuye
HeoOXxigHuii piBeHb I[T-cepsiciB [lara-ueHTpy 3a paxyHOK oprasizamii TpbOX
KOMIIOHEHTIB — T[epCOHaly, TMpPOILECiB Ta TEXHOJOrH Ui  yIpaBiIiHHS
IT-indppacTpykryporo.

3aBIaHHAMU apXiTEKTYPH €:

1. Hapmatu nporiecu Ta iH(GOpMAaIIiliHI TEXHOJIOTIT )1 BUABJICHHS Ta MiHIMI3aIil
BimMoB IT-cepgicis.

2. 3a0e3meynTH BHUCOKMH CTymiHb iHTerpamii iH(opMamiifHuX TEXHOJOTiH
yIpaBIiHHSL.

3. 3a0e3meunTH pearyBaHHS Ha 3MiHY I1apaMeTpiB CHUCTEM 1 BUKOHAHHS
cepBicHUX (PYHKIIH B pexXKUMi pealbHOTO Yacy.

PernamenT opranizanii npoueciB ynpaBiiHHS MPONOHYEThCs 3a0e3nedyBaTu Ha
ocHOBi mpakthyHoi peam3arii ITIL, mo oxorumroe kKoMaHmu 1 poiii ¢axiBIliB,
MIPOIIECH B3a€EMOIIi, TOTOBI orepartiiiti iHcTpykIii (Operation Guide) 11 KO)KHOTO
cepBepa Ta iHCTpyMeHTapito (puc. 2).
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KepyBaHHs piBHeM nocnyr
KepyBaHHs ciHaHcamm
KepyBaHHs HenepepBHICTIO HaZaHHs nocnyr
KepyBaHHs gocTynHicTio
KepyBaHHS NOTYXHOCTAMU &SK
KepyBaHHs NepCOHANIOM + 05

&

)

AHanis 3anuris
Ha 3MiHy

KepyBaHHsi 3amiHaMu
KepyBaHHs koHdirypauismu

&%(epysawﬂ BUMyCKamMu

AHani3 rotoBHOCTi
BUMyCKiB

Anania yrog npo
piBeHb cepsicy

CvcTemMHe agMiHICTpyBaHHS
ﬁ ApnminicTpyBaHHs 6e3neku
*  MoHiTopuHr nocnyr
50 KepyBaHHS nakeTHUMK 3aBAaHHAMU
& AOMiHIiCTpyBaHHSA Mepex
O(o ApwmiHicTpyBaHHs cnyx6u kaTanoris
KepyBaHHS! APYKOM i BUBEAEHHSIM AaHUX
KepyBaHHs1 36epiraHHsIM AaHux

Service Desk 0
KepyBaHHs iHUnaeHTamm %

KepyBaHHsa npobnemamm %‘
=

Ananis
obcnyroByBaHHsA

Puc. 2. Ynupasmiaas [T-cepBicamu Kommanii

MertonoJsorist ynpasJiiHHS

MeToomnorisi yIIpaBIiHHS BiJIOBiIa€ 3a OpraHizallito MepcoHalry, MPOLECIB Ta
iH(OpMaIiTHIX TEXHOJIOTIH /ISl BUKOHAHHS 3aBJaHb yIPaBIiHHS.

KurreBmit 1mwkn Bepciii IT-cepBiciB miaTpUMYy€EThCS YOTUpMa HaboOpaMu
(dyHKIIH — KBaIpaHTaMHU:

1. YrpaBniHHs 3MiHaMH.

2. YrpaBiiHHS eKCIUTyaTalli€ero.

3. YrpaBniHHS TiATPUMKOIO.

4. YrpaBiiHHS ONTUMI3ALI€LO.

Koxen kBaapaHT BKJIIOYae cepBicHI (YHKINI, poii, BXigHI Ta BHXIiAHI
JNOKyMeHTH. Hampukiiaa, KBajpaHT eKcIDlyaTalii BKIodae B cebe (yHKIio
PEryJIIPHOTO TECTOBOTO BijHOBIEHHs cucremu Exchange 3 pesepBHOi Kormii.
BukoHyeTbcs 3riiHO 3 XKypHaJIOM iHkeHepaMu JlaTa-IieHTpy, 10 SKHX NpPUB'I3aHa
ponb CuctemHoro Anminicrparopa Exchange. I[Iponenypa onucana B iHCTpyKIIii 3
excrutyararii cucremu Exchange.

Kpim Mogeneii opranizamii mpoleciB ympaBlliHHs, apXiTeKTypa BH3Ha4ae
THCTpYMEHTaNbHI 3aco0u ynpasiinas [T-cuctemamu.

VY JlaTa-nieHTpi MOBHHEH iCHYBAaTH Ha0lp BipTyaJdbHUX KOMaH] (axiBIliB, fKi
BiANOBial0Th 3a KoxkeH IT-cepBic. BipTyaipHOI0 KOMaHAa Ha3UBAETHCA TOMY, IO
il uleH MoXKe BXOJUTH OAHOYACHO B iHIIy KOMaHAy i1 mepe0yBaTH B iHIIOMY
migpo3nim. Hanpuknan, ciry:x6a 6e3mneku Active Directory. Y komaH1i BUKOHYIOTb
ponb CucteMHOro AJIMiHiCTpaTropa IICTh 1HXEHEPIB, SKi O TOrO X BXOIATH y
KoMmaHay ynpasiminHs Exchange. ®@yHkuii ynpaBmiHHSI — 3MiHaMH, €KCILTyaTali€lo,
MIATPUMKOIO Ta ONTUMI3AIIEI0 BUKOHYIOTHCS JUIS TPhOX TPYIT CHCTEM: MEpeKa i
MEpPEKEBI CUCTEMH, cepBepH JlaTa-1ieHTpy, poO0Yi CTaHII1.

[lepemnik 14 TexHonorit ynpasminHs npeactasieHuii B Taom. 1.
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Ta6mn. 1. Texunonorii ynpasninas IT-cepBicamu Kommanii

Hazssa 3amaui

PezepBHe
KOITIIOBaHHS 1
BIJTHOBJIEHHS

MoHiTopuHT 1
KOHTPOJIb
cepBiciB

YmpasniHHSA
MEpEeKero

YnpasniHHs
MPUCTPOSIMU

Ciyx0a
KaTaJory

VYrpasiiHHS
3MiHaAMH

YupasiiHHS
KOH(QIryparismMu

Texuosoris
3a0e3meueHHs
3a1a4i

TS

I13 st KommiroBaHHSA
i B1JHOBJIEHHS,
JIUCKH,  CTPIYKOBI
010J110TEKH

13 mmst MoHITOPHH-
Ty Ta OIOBIIl[CHHS,
areHTH MOHITOPUHTY

13 mst ynpaBmiHHS
MEepeKero

I13 YOpaBITiHHS
anapaTHUM
3a0e3eYeHHsIM,
areHTH yNpaBIiHHS

I13
KaTaJlory

CIryx0un

B/l YIpaBIiHHS
3MiHaAMH

113 CUCTEMHOTO
YIpaBIiHHS,
Oes3meku Ta aynuTy
KoHGIryparii

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npupogokopuctysanss, Ne 4 (44), 2022

Pesynprar TUTsL apXxiTeKTypu
YIIpaBIiHHS

IlIBuake 1 wHagiiiHe KOMIIOBaHHA 1
BIHOBJIIEHHS  JaHWX  3a0e3medye

JIOCTYTIHICTh CEPBICIB 1 3aXUIICHICTh
(uinmicHicTs) IT.

MomniTopuHT MEpEeK, CHUCTEM,
oOmagHaHHs Ta  @porpam  JUis
JiarHOCTHKH npobaemM i ix

MaKCHUMaJIbHO INBUAKOI'O BI/IpiH_ICHHSI.

MOHITOPHHT Ta yTIpaBIiHHSI MEpPEKaMu
i MEpeKeBUMH MPHUCTPOSIMH IS
3a0e3reyeHds aJIeKBaTHOI MepeKeBOl
MPOAYKTHUBHOCTI  Ta  JTOCTYIHOCTI.
[HTETpYETHCA 3 CEPBICOM MOHITOPHHTY

Ta KOHTPOJIIO I  LEHTpami3arii
OITOBIIIIEHbD.

MoHITOpHHT CHCTEM TS
ineHTugikamii  BiIMOB  amapaTHOTO

3a0e3reyeHds 1 KPUTHYHUX TOJIH.
[HTETpYETHCS 3 CEPBICOM MOHITOPHHTY

Ta KOHTPOJIIO Ui  LEHTpami3arii
OIOBIIIEHB.
36epiranus 00'eKTiB IS

MpeCTaBJIeHHs] KOPUCTYBaUiB, MaIllluH
Ta IHIINX PECYpCiB B CEPEIOBHUII IS
3a0e3neUeHHs LEHTPaIII30BaHOTO
yOpaBIiHHS iM'sIM, ayTeHTH(IKaIlI€To,
ABTOPH3ALIIETO. [MigTprmka
PO3MOAINCHOI CTPYKTYpU CIYXOW st
3a0e3neueHHss  JIOCTYITHOCTI  BCIM
kopuctyBauam Kommasii.

Kontpone 3MiH y nporpamMHOMY
3a0e3nevenHi, anapaTHOMY
3a0e3MeueHHi, mporecax 1 NPUCTPOsX.
3a0e3neueHHs eEeKTUBHOCTI MPOLECiB
eKCIUTyaTaIlii.

JIOKyMEHTOBaHI  TOJITHKH  3MIHH
KOH(}irypauiii i KOHTPOJIb CTaHAAPTIB
cucteM, Oesmeku 1 [13.



Haspa 3amaui Texnomoris  mns  PesymbraT JUTST apXITEKTYPH
3a0e3neueHHs yIpaBIIiHHS
3agadi
Bincrexxennss ~ Helpdesk 113 Bincrexxenus IHITU/ICHTIB BiJ[
IHIOUIEHTIB 1 CTBOPEHHS 10 A03BOJy. Binmosinae 3a
npobieM B3a€EMOJIiI0 MiX oprasizali€eio
MIATPUMKH 1 KIIIEHTOM.
bibmioreka Cepgic goctymy mo 3abesmeuye CXOBHIIIE 113,
ABTOPU30BaHOrO  (paiiiiB 3 BHUKOPHCTOBYBaHOI'O B IT-
113 T ATPUMKOIO iH(bpacTpyKTypi. KonTpomoe
peruTiKarii. nomupenns [13 B Kommanii.
YcraHoBka I13 nnst ycraHoBkum OHOBIIOE CHCTEMH Ta HpPOTpamH s
OHOBJICHb OHOBJICHb, 3a0e3neueHHs BUCOKOTO piBHS
BUIIPABIICHb 1 0Oe3nexu. ABTOMATH3y€ OHOBJICHHA 1
CepBic MakKiB HiATPUMYE KaTtajor JIOCTYITHUX
OHOBJICHbD.
YnpaniHas 113 uis  ABTOMAaTHU3y€ yNpaBiiHHS 1 yCTAHOBKY
JoJlaTKaMHU BcTaHoBieHHss Ta [I3 Ha poOoui craHmii i cepsepwu.
yIpaBIiHHS Bimnosimae 3a  mepeHaITIOBaHHS
JOJTATKaMHU (repurposing) cepBepiB B  peXHMIi
peabHOro yacy.
YcraHoBka I3 nuist ynpaBninas  BcTaHOBIEHHS  HOBHX — CEpPBEPHHX
cepBepiB i iMipkamMu  Ta/abo cucteM Ta/abo0 POOOYMX CTaHIA B
pobounx ABTOMATUYIHOIO Kommanii.  3abe3meuye  LiTICHICTB
CTaHIIN YCTaHOBKOIO MpoIIeCy CTBOPEHHSI HOBUX CUCTEM JUIS
BBEJICHHS B €KCILTyaTaLilo.
Bignanene 113 BinnaneHoi 3abe3meueHHs OCTYIy A0 BiAmaieHoi
YIpaBIiHHS KOHCOJTI CHUCTEMH JUIsl BHKOHAHHS (yHKIIH
JOTIOMOTH 200 YIPaBJIiHHS.
Hamaromxennss 113 cayx6u  3abesredye HANAro/PKEHHS 1 PillleHHS
TEpPMiHaJIIB npoOyieM, mnoB'szanux 3 [I3 B IT-

iHhpacTPyKTypi.

ApXiTeKTypa yIpaBiHHS BU3HaYa€ B3a€EMO3B'SI30K MK (PYHKIIsIMUA YIIPpaBIiHHS,

MpOoLIECaMH, IHCTPYMEHTaMH Ta posisiMu (puc. 3).

PyHKUis ynpaBniHHA IT cepBicoMm BukoHyeTbesa 3a gonomoroto X npouecis, Y iHCTPYMEHTIB Ta Z ponsimu

Service Management

Function (SMF)

DyHKLUiA ynpasniHHs IT
cepsicom

Mpouec

Ponb

IHCTpyMeHT

Puc. 3. Busuenns ¢ynkuiit ynpasninns [T-cepsicom Oneparopa
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B3aemo3B's13k1 Mik TphOMa KOMITOHEHTAMH apXiTeKTYpH yTPaBITiHHSA BU3HAYCHI
HACTYIHOIO TaOJIHIICIO.

Tabn. 2. B3aeM03B's13kM Mk KOMIIOHEHTaMH apXiTEKTypH yIpaBiinHs OnepaTopa

OyHKITiSA 3acobwu (mporecu Ta iHCTPYMEHTH) Pomp
ynpasiiaHsg  [T-
cepsicoM (SMF)
VYnpaiiaHEA IIpomec pesepBHOrO KoOmitoBaHHA 1 MeHemKep 3MiH
3minamu (Change BinHOBJIEHHS BJIACHHK 3MiH
Management) YIpaBJiHHS KOHQIrypaisiMu Komirter  y3romkeHHs
BincTe:xxeHHs IHIUICHTIB i MpoOIeM 3miH (CAB)
bibmioteka aBTopuzosanoro 13
YCTaHOBKA OHOBJICHb
ynpasiiaHs Jlogatkamu
YcTaHOBKA cepBepiB i poOOYUX CTaHIIIH
KOOPAWHAIISA 3MiH
VYnpasiiaHasA YIpaBITiHHSA KOHDITYpaLissMu Menemxkep
KOH(}irypamissMua  yIpaBIiHHA 3MiHAMH KoHirypariit
BincTexxeHHs IHIMIEHTIB i TpobiIeM
yCTaHOBKa OHOBJICHb
ynpasiiaas JJonatkamu
YcTaHOBKa cepBepiB i poOOYUX CTaHIIIH
Mounitopunr ta Konrposas IT-CepBiciB
VYupasniaas IIpomec pesepBHOro KomitoBaHHA 1 MeHemxep BBEJCHHS B
Bepcismu (Release  BimHOBIICHHS eKCIUTyaTario
Management) YIOpaBIiHHSA KOHDITYpaIlissMu BJIACHUK 3MIiH
BincTesxeHHs! IHIUACHTIB 1 Mpo0eM KOOPJIMHATOD
bibmioTteka aBropuzosaHoro 13 KOMYHIKaIliif
yCTaHOBKA OHOBJIEHb KOODPJIMHATOP
ynpasininas Jlogatkamu JIOKyMeEHTAaITi i
YcTaHOBKa cepBepiB i poOOYNX CTAHIIH  KOOPAHHATOP
KOOPAWHAIIIS 3MiH TECTYBaHHSA
KOODPJMHATOP
HaBYaHHS
VYnpasiiaas BiJIaJIeHe YIIPaBIiHHS Menemxkep Oe3neKn
6e3IeKoro HaJIaro>KeHHs Imxenep Oesnexu
ciry>k0a KaTajioriB AnmiHicTparop
MOHITOPHHT i KOHTPOJIb CEPBICIB Onepauiitnoi Cucremu
IIponiec pesepBHOro KomitoBaHHS 1 [HkeHep Oe3meku
BiJTHOBJICHHS arapaTHOTO
yHpaBIiHHSA KOHDITYpaLiasMu 3a0e3nedeHHs
BigctexeHHs iHIMASHTIB i poOiemM Inxenep Oe3neku
bi6miorexa aBTopm3oBanoro I13 Mepexi
yCTaHOBKA OHOBJICHb Imxenep Oe3rnexu
ynpaBmiHHA JlomaTkamu OyniBess
YcraHoBKa cepBepiB i pobounx craHuiii  MeHekep 30BHILIHIX
KOOPAWHAIIIS 3MiH po3pobok
ayauTop Oe3nexu
CuctemHue [Ipouec pe3epBHOro KomitoBaHHA 1 MeHemxep
aJIMIHICTPYBaHHS  BiJHOBIICHHS eKCILTyaTarii
MOHITOPHHT i KOHTPOJIb CEPBICIB AnminicTparop
ciryx0a KaTajoris IOJATKH
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OyHKITiA
ynpasiiaHsg  [T-
cepsicoM (SMF)

AIMiHICTpYBaHHS
Mepesxi

MoHiTopuHr i
KOHTPOIIb
cepBiciB

AIMiHICTpYBaHHS
IT-cepBicy
(cmyxOun
KaTaJoriB)
VYnpasiiaas
30epiraHasaM
Tadopmamii

YrpasmiHHS
PpO3KIaa0M POOIT

YrpasmiHHS
npoOieMaMu

~ 100 ~

3aco0u (TIpo1ecH Ta IHCTPYMEHTH)

YIpaBJiHHS KOHQIrypaisiMu
BincTe:xeHHs IHIUICHTIB i MpoOIeM
bi6mioreka aBTopuzosanoro [13
YCTaHOBKA OHOBJICHb

ynpasiiaas Jlogatkamu

YcTaHoBKa cepBepiB i poOOYNX CTaHIIiH
KOOPAWHAIISA 3MiH

BiJIaJieHe YIIpaBIIiHHS

HaJIar0KCHHS

IIpomec pe3epBHOTO KOMiIOBaHHA 1
BiTHOBJICHHS

MOHITOPHHT 1 KOHTPOIb CEPBICIB
YIOpaBITiHHSA KOHDITYpaLissMu
KOOpAMHAIIIS 3MiH

BiJIaJICHE YIIPABIIiHHS

HaJIaroKeHHs

IIporiec pe3epBHOrO  KOIMIIOBaHHSA 1
BiAHOBIICHHS

MOHITOPHHT i KOHTPOJIb CEPBICIB
YIpaBJiHHS KOHQIrypawisiMu
BincTexeHHs IHIMICHTIB 1 Ipo0ieM
KOOPAMHAIIIS 3MiH

HaJIaroKCHHS

MOHITOPHHT 1 KOHTPOIb CEPBICIB
YHOpaBITiHHSA KOHDITYpaLissMu
BincTexxeHHs IHIUIEHTIB i TpobieM
ynpasiiaHs Jlogatkamu

IIpomec  pe3epBHOTO KOMifOBaHHA 1
BiTHOBJIEHHS

MOHITOPHHT 1 KOHTPOIb CEPBICIB
ciyx0a KatasoriB

yHpaBIiHHSA KOHDITYpaLiasMu
KOOpIWHAIIIS 3MiH

MOHITOPHHT 1 KOHTPOJIb CEPBICiB
BigctexeHHs iHIMASHTIB i poOieM
BiJTaJIeHe YIIPaBIiHHA

IIpomec pe3epBHOTO KOMIIOBAaHHS 1
BlHOBJICHHS

MOHITOPHHT 1 KOHTPOJIb CEPBICIB
yHpaBIiHHSA KOHDITYpaLiasMu
BiacrexeHHs iHIMASHTIB i TpoOieM
yCTaHOBKA OHOBJICHb

ynpasiinns Jlogatkamu

YcraHoBKa cepBepiB 1 poOOUMX CTaHLii
KOOPAMHAIIIS 3MiH

Poib

Menemxkep Mepexi
apXITEKTOp Mepexi
AHATIITHK MEPEexKi
Imxenep Mepexi
AHaNTHK 3aXUCTY
Mepexi

IniniaTop MOHITOPHHTY
IT-cepgiciB

Menenxep
MoHiTopHHTY
orepaTop
MoHiTopHHTY
CriemiaiicT maTpuMKH
30BHINIHINA
[ocrauansauk Ilocmyr
[igTprMKn
AnminicTpatop
cepBicy
Apxitektop IT-cepsicy

IT-

AnminicTpatop
CxosBuiia
6ibmioTexap

Menenxep
HaBanTaxeHHs

Menemxkep npobiaem
[mxeHep miaTpUMKN
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OyHKITiA
ynpasiiaHsg  [T-
cepsicoM (SMF)
VYnpasiiHHs
IHIUAEHTaMU

Cepgic eck

YnpasiiHHs
Oe3repepBHICTIO
IT-cepsiciB

YrpaBniHHS
JIIOACHKUMHU
pecypcaMu
dinaHcoBe
yIpaBIiHHS

YrpaBniHHS
JOCTYITHICTIO

VYnpasniHHs
HaBaHTAXKCHHIM

YrpaBniHHS
piBHEM cepBicy

~ 101 ~

3aco0u (TIpo1ecH Ta IHCTPYMEHTH)

[Ipouec pe3epBHOrO  KOMiIOBaHHS
BlAHOBIICHHS

MOHITOPHHT i KOHTPOJIb CEPBICIB
YIpaBJiHHS KOHQIrypaissMu
BincTe:xxeHHs IHIUICHTIB 1 MpoOIeM
Bibmioreka aBTopm3oBanoro I13
ynpaBiiHHA JlomaTkamu
KOOPAWHAIIISA 3MiH

BiJTaJIeHe YIIpaBIIiHHS
HaJIaroKCHHS

[Ipouec pe3epBHOTO  KOMiFOBAaHHS
BiIHOBJIEHHS

MOHITOPHUHT 1 KOHTPOIb CEPBICIB
ciyx0a KaTajoris

YIpaBJiHHS KOHQIrypawisimMu
BincTexeHHs IHIMICHTIB 1 Ipo0ieM
IIporiec pe3epBHOrO  KOMIFOBAHHS
BiJHOBIICHHSA

MOHITOPHHT i KOHTPOJIb CEPBICIB
ynpagiinns Jlogatkamu

ciryx0a Katajoris
BincTesxeHHs! IHIUACHTIB 1 Mpo0eM

MOHITOPHHT i KOHTPOIIb CEPBICIB
YIpaBJiHHS KOHQIrypaiisiMu
KOOPAWHAIIIS 3MiH

IIporiec pe3epBHOrO  KOMIFOBAHHS
BiTHOBJIEHHS

MOHITOPHHT 1 KOHTPOIb CEPBICIB
YIpaBITiHHSA KOHDITYpaLissMu
BincTexxeHHs IHIUICHTIB i TpoOiIeM
ynpasiiHHA JlomaTkamu
KOOPAWHAIIIS 3MiH

HaJIaroKeHHs

IIpomiec  pe3epBHOTO  KOMiIOBaHHS
BiHOBJIEHHS

MOHITOPHHT 1 KOHTPOJIb CEPBICIB
yHpaBiiHHSA KOHDIrypamisMu
BiactexeHHs iHIMASHTIB i TpoOieM
ynpaBmiHHA JlomaTkamu
KOOpIUHAIIIS 3MiH

HaJIaroKeHHs

MOHITOPHUHT 1 KOHTPOJIb CEPBICIB
BinctexeHHs iHIMISHTIB i IpoOiieM
ynpasiinas Jlogatkamu

i

i

i

Poib

Menemxep [HIuneHTIB
Creunianict Cepgic
Heck

BE/Iy4YHil IHIUACHTY
Imxenep IligTpuMkn

Menemxkep Cepgic
Jeck
Creriamict

Heck

Cepgic

Menenxep
JTOCTYITHOCTI
apXiTeKTOp J0JATKIB
apxiTekTop iHTerpauii
apXxiTEeKTOp Mepexi
ApxiTekTop amnaparHol
w1aThopMu
Menenxep
KajapiB

BIJILTY
®DiHaHCOBUI MEHEKEP
OIOKETHHI KOMITET

Menenmxep
JIOCTYITHOCTI

Menemxep
HaBaHTa)KCHHS

Menemxep
cepBicy

piBHS
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Oyukmii ympaBiiHHS peamizyioTeesi 'y ¢opmi  LlenTpamizoBanoi Mogeni
VYnpasninas. Koxxna QyHkuist Mmae onne nonanns B Jlata-nentpi (puc. 4).

PoGoue micne € koMmnoneHToM Tpbox IT-cepBiciB:

1. Cepgic biznec 3acTocyBaHb.

2. ObuncnroBabHA TEXHIKA.

3. Cepgic po3sropranns [13.

YnpasniHHs YnpasninHa Cepsic YnpasniHHsa

Penizamn [eckom iHUMOEHTaMM 3BiTHI MeTpukm (KPI)

YnpaBniHHA 3MiHamMn

YnpaeniHHs IT cepsicamn

YnpasniHHs CepBepamu
KoHdirypauis
MoHiTopuHr

Baxuct
AoMuHICTpyBaHHS
ApxiByBaHHs
HaBaHTaxeHHs

YnpaBsniHHA Mepexero
KoHdirypauis
MoHiTopuHr
Baxuct
AOMUHICTPYBaHHA
ApxiByBaHHs
HaBaHTtaxeHHs

S &8
© T

Puc. 4. llentpanizoBana mozens ynpasiinus [T-cepBicamu Komnanii

YnpaBniHHA KnieHtamu
KoHdirypauis
Baxuct
HaBaHTaxeHHs

VYnpasnminnas npanumu IT-cepBicamm Bkimroyae B cebe HacTymHi  QyHKOil
(3 mpuknagaMn):

1. Vmpasninasg BepcisMu (pernizamu) — yIpaBIliHHS CTAaHJAPTaMH POOOYHX MICIb.

2. CucreMHe aJaMiHICTpyBaHHS — BUKOHaHHS OOOB'I3KOBUX oIepamii 3
00CITyroByBaHHsI CEPBICIB, HAITPHUKIIA I IKIFOYSHHS HOBOT'O POOOYOTO MiCIIs.

3. YmpaBiiHHS 3MiHAMH — CTBOPEHHSI HOBOT'O CTaHIapTy POOOYOT0 MICIIs.

4. YnpariiHHS KOHQITYpalisiMi — 3MiHa HaJIAITyBaHb poOOYOTO CTOITY.

5. YmpaBniHHS Oe€3MEKOI0 — aHali3 PU3MKIB HECAHKIIOHOBAaHOI pPOOOTH
KOPHCTYBAUiB 3 Uy>KHX POOOUNX MiCIlb i OOMEXEHHSI.

BukoHaHHs K0kHOI (PyHKIIIT, KpIM CHCTEMHOTO aJIMiHICTPYBaHHS, BUKOHYEThCSI
omHiero komaHgoro Omneparopa. CTBOpeHHS cTaHIapTy poOOYoro Micly,
¢ikcyBaHHS Bepcii 1 aBTOpHW3allis CTaHIApPTy, PO3TOPTaHHS CTaHAAPTY, 3MiHA
OCHOBHHUX HAJIAIITYBaHb POOOYHX MICIIb MOXYTh BUKOHYBATHCS TUIbKU B OJTHOMY
Micii OnepaTtopa i He AyOJI0I0ThCA (pUC. 5).

Taxwuii miaxin go3BoMsE:

1. KoHcounigyBaTsl iHCTpyMEHTAapiil yIpaBiIiHHS, CKOPOTHBIIH KUIBKICTh CHCTEM
YIpaBIIiHHS, 10 BUKOPUCTOBYIOThCsT OmiepaTtopoM (10 14 TeXHOJOT1i).

2. VHi]iKyBaTH IpyMH 1 3aBJaHHS eKCILTyaTallii.

3. 3MEHIIUTH CKJIAAHICTh CUCTEM YIPaBIiHHS.

OcHoBHI (yHKIII yIIpaBIiHHSA, SKi [EHTPATI3yIOTHCS, BKIIOYAIOTH TEpeTidcHi
HIDKYE.
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Yupasainusa 3minamu

Hentpanizamis 3abe3nedye HiJICHICTh MPOLECY OLIHKA Ta aBTOPH3aLii 3MiH.
Pesynerarom Oyze sikicts IT-cepBiciB, MiHIMI3alLisl BAPTOCTI pecypciB, BUAUMICTD
3MiH Ha piBHi Bciei Kommamii.

CucTema 3BIiTHOCTI i

“av\v\‘“‘e METPUK yNpaBniHHA anHb,e
CuCTEMMN MOHITOPUHTY Cuctemm peakuii Cuctema peectpauii
(OuncTaHuinHoro ynpaeniHHsS iHUMAEHTIB
KoHdirypadieto)
T A
I
Q
I
Q
7]
&
A A
[ I X o = = ==
z c| FE z £| 32
53 8 28 3 8 ¢8
£ Sos Ehs £ Sos Los
i 3| g2 : R
= 2|l g& = gl ee ® 5
)
T a
T
o
v v vV Vv T
s
S

VN

L T D

Knientn
Mepexa / Mepexesi npuctpoi / Cepsepel LIOA

MpucTpoi 36epiraHHa gaHux

Puc. 5. Indopmaniitai motoku B cuctemi ynpasiinas [T-cepBicamn Oneparopa

YnpasiinHs Bepcisimu (pesizammn)

Lentpamnizaniss 3a0e30eUnTh IUTICHE YIPABIiHHS CTBOPEHHSM PIllleHb, TaKUM
YHHOM BUKJIIOUUTH JTyOIFOBaHHS 1 HassBHICTH y Orieparopa JecsTKiB 1 COTEHb Bepciii
OJHOTO pillleHHs (HANpHKIAA, THIIB pobounx Micip). KpiMm Toro, ympasimiHHS
penizamu (opMatizye B3aEMOJII0 MK PI3HHMH TpylaMmH, IO BiANOBIAAOTH 3a
BBeJICHHS pirieHHs (komrioneHTa IT-iHgpacTpykTypH) B eKcILTyaTaliio.

Cepsic [eck

HenTtpanizamis — e npsAMHUi HUIAX 3MEHIICHHS BUTpPAT 1 HEOOXIIHUX PECypciB
JUTSL TIATPUMKH THCSY KopucTyBadiB. TexHiuni pecypcen Cepsic JECKO moBuHHI
OyTH LEeHTpaJi30BaHi, MPOTe Ha KOXKHOMY MaiinaHunky OnepaTopa MOBHHHI OyTH
MPEICTaBHUKU CIy’)KOM MIATPUMKH KOPHCTYBadiB, SIKi MOXYTh JOMNOMOTTH
KOPHUCTYBAYEB1 3BEPHYTHCS 3 IHITMIACHTOM 1 Ha MICIli BUPIIIATH HOTO.
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YnpaBJjinHs iHuMaIeHTAMHI

LenTtpamnizamiss TeXHIYHUX peCypCiB Ul YNPaBIiHHS IHIUAEHTAMH JO3BOJISIE
3MEHIIUTH BapTiCTh i KOHCOJiAyBaTH 3HAHHSA, HEOOXiTHI IUIA aHami3y i MOLIyKY
pimenb. KpiM Toro, eHTpami3alis J03BOJIsIE CTBOPUTH ILTOA000BY CiIy )0y podoTH
3 IHIIUIEHTAMU.

Mertpuxku

LenTpamizamiss 3BITHOCTI, METPUK YCHIIIHOCTI JO3BOJSE KOPUTYBATH
apXITEeKTypy YNpPaBIIHHA BiJNOBIIHO 3 SKICHIMH 1 KUTBKICHIMH TIOKa3HHKaMH.
€auHa iepapXis 3BiTiB, MOKa3HHUKIB MPOAYKTUBHOCTI — HaJa€ 3arajbHy KapTHHY
«3n0poB's» IT-cepiciB Omneparopa i J03BOJISIE PO3TILAaTH peatizaiito Yroxa PiBHs
Cepgicy (SLA).

Ynpagiinusa 36epirannam Janux

LenTtpanizamis npoieciB Ta iHCTPYMEHTIB yIPaBIiHHS PO3MIIIEHHSIM TUCKOBOTO
MIPOCTOPY, AOCTYIIOM, PE3EPBHUM KOMIIOBAHHSM 1 BiTHOBJICHHSIM JaHUX MOXJINBA B
Jara-tieHTpi.

VY neHTpanizoBaHiil MozeNi ynpaBiiHHS OyJe BHHSATOK — IPOLIECH YIPaBIiHHS
IT-cepBicamu anst KITi€HTIB, TPOAYKTaMH KOMIIAHIl. Y BUMAAKY 3 YIPaBIiHHIM
Hara-ieaTpom — I[HTEpHET-TIpOIlECH, METPUKH Ta IHCTPYMEHTH MOBHHHI OYyTH
BiJoKpemyieHi. 3 iHmoro Ooky, cmiBpoOiTHUKM OrepaTopa MOXYTh BXOIHWTH B
0OU/IBi TPYITH KOMAH]I.

EneMenTn apxirtekrypu

[loBHOWIHHA apXiTeKTypa YHOPaBIiHHS CKIAQJAE€ThCS 3 HACTYMHOTO CIIHCKY
CJIEMEHTIB.

Tabxn. 3. Enementu apxitektypu ynpasininas [T-cepBicamu Oneparopa

Im's enemenra Crertudikarris

Cepgic Cepsic kaTajory HeoOXiIHWI JJs yHpaBlliHHS ayTeHTU(]IKali€ero

Karajaory KOPHUCTYBaJiB, aBTOpU3ali€l0 Ta IHmMMH oO'ektamu IT-
1HPPACTPYKTYPH.

CucteMu CremianizoBani CUCTEMU MpU3HAYCHI UIS BUSIBJICHHS

BUSIBIICHHS HecaHKIioOHOBaHOTO noctymy a0 IT-cepsiciB Kommawii. [lana

BTOPTHEHb cUcTeMa MOBHHHA OYTH iHTErpOBaHa 3 CHCTEMaMK MOHITOPUHTY Ta

KOHTPOJIKO TaKMM 4YHHOM, INO0 €JWHA Tpyma oIlepaTopiB
oTpuMyBaNa iHQOPMAIIiI PO CTaH CEPEIOBHUINA i roTyBaja il

peaxiii.
Cuctemu O06oB's13k0BUIT KOMIIOHEHT 3axucTy [T-iHppacTpyKTypH.
AHTHUBIPYCHOTO
3aXHUCTY
Cepgic CepBgic 3a0e3neuye aJMiHICTPyBaHHS 3aXUCTY.
cepTu(ikaTis

CepBic  ciyx0 CepBic MOHITOPHHTY 3a0e3neuye 30ip, KOHCOJIAAII0 Ta HaJaHHS
MoHiTOpUHry Ta iH(opmanii npo mapamerpu IT-cepsiciB i ix craH.
KOHTPOJIIO

PesepBHe [Ipomec i iHCTpYMEHTH TpHU3HAUYEH] I 3a0€3MeYeHHS IITICHOCTI
KONIIOBaHHA 1 JaHUX.
BiIHOBJICHHS
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Crermndikaris

Coyx0u Cayx0u 3a0e3meuyroTb MOXIIUBICTh BIANAIEHOTO 1 TPYIOBOTO

YIpaBITiHHS ynpaBiuiHHA Ta marpuMmku I[T-cuctem. BimmameHa ycraHoBKa,

iH(ppacTpyKTyporo  BimmaieHa 3MiHa KOH(pIiryparii, BigganeHe BUKOHAHHS olepamniii Ha
OJIHI, HAa TPYITi CUCTEM a00 BCiX CHCTEMaX.

Coyx0u Crayx0a TIOHOBIICHHS aKTyalbHa IS MIATPHUMKH IPOTPaMHOTO

TTOHOBJICHHS 3a0e3meueHHs Ha PiBHI OCTaHHBOT (3aXHUIIICHO1) Bepcii BUPOOHHUKA.

biomioreka biomioreka 3abe3neuye 36epiranns [13. Tinbku aBropuzosane I13

aBTOPU30BAHOTO  (perii3u) moTparusie B OiOMIOTeKYy 1 IMOLIMPIOETHCS  JUIA

110 BuKopHcTaHHs B KoMnanii.

BuznaueHHs Xoua 1e¥ KOMIIOHEHT HE € Hi CepBICOM, Hi CITyk0010, BU3HAYECHHS

pouieit poreil MoBMHHO 3acTocoByBaTHCcs B Kommawnii. Pomi € cromydyroro
JIAHKOIO0 MK — (DYHKIIISIMA yTIPaBIIiHHSA, IOCAJOBUMH 1HCTPYKIIIMHU
1 KOMaHIaMH.

Karanor Kommanis Oyxe miarpumyBatu katanor [T-cepsiciB, ki

IT-cepsiciB

3HAXOSITHCS B CTaI1 eKCIUTyaTallii.

[HCTpyKLIT [HCTpyKLis 3 ekciulyaramii TOBHHHA ICHYBaTd Uil KOXKHOTO
eKCIITyaTarii IT-cepicy B Kommanii. I[HcTpykuis omnmcye, SK BHKOHYBaTH
3aBIaHHs KOXKHOI 3 PyHkuid ynpasninas SMEF.

OYHKIIA YIIPABJIIHHA IT-CEPBICOM (SMF)
(AIMIHICTPYBAHHA MEPEKI)
VYnpasminas [T He € epratudHoro cHCTeMOrO, GYHKIT yHpaBIiHHSI

TEXHOJIOTIYHUMH TPOLIECAMH Y By3JlaX MOKJIAJAI0THCS Ha IPUCTPOT aBTOMATHYHOTO
ynpasninHs. [ npuknagy posrisiHeMo ¢yskuito ynpasninas [T-cepBicom (SMF)
AJMIHICTpYBaHHS MepeXi (MOHITOPHHT 1 KOHTPOJb CEpBICIB  yNpaBIiliHHS
KOH(QIrypaiisiMi, KOOpAWHAIIIS 3MiH, BiJJIaJIEHE YIPaBIiHHS Ta HANArOKEHHS).

V sixocTi Mepesxi OyeMo BUKOPHCTOBYBATH IIPOrpaMHO-KOH(]IrypoBaHi Mepexi
(software-defined networking SDN). SDN — 11e miaxij 10 yrnpaBiIiHHSI MEPEKEr0,
KU 3a0e3nedye JUHAMIuHY, MPOrpaMHO e(heKTUBHY KOHQITypaliio MepekeBUX
CJIEMEHTIB 3 METOI0 IMOKpAIIEHHs MPOJAYKTHBHOCTI MEPEXi Ta MOHITOPHHTY, IO
poOuTH ii OibIlIe CX0XKOK Ha XMapHi OOYHCICHHS, HiX Ha TPaIuIliiiHe KepyBaHHS
mepexketo [33]. SDN mnpusHadeHa sl CTBOPEHHS CTAaTHYHOI apXiTEKTypH
TpamuiiiHux Mepex. SDN Hamaraerbcsl ICHTpaNi3yBaTH JIaHI TPO MEpexKy B
OJHOMY MEPEKEBOMY KOMIIOHEHTI, BIJOKPEMJIIOIOUM MpPOLEC IEPecHIaHHs
MepeXeBHUX MakeTiB (IJIOMIMHA JaHWX) BiA Hpolecy MapumpyTusaulii (IUIOIIHUHA
kepyBaHHs) [34]. IlnommHa ynpaBiaiHHS CKJIAAa€ThCA 3 OJHOTO ab0 KiJIBKOX
KOHTpOJIEPIB, SKi BBAKAHOTbCA MO3KOoM Mepexi SDN, B skili 00’€IHAHO BeCh
inTenekt. OJHAK IIEHTpaTi3allisg Ma€e CBOT HEIOMTIKH, KOJIM HIeThCs po Oe3neky [33],
MacIITabOBaHICTh Ta THYYKICTh [33], 1 11e royioBHa npobdsiema SDN [35].

SDN 3a3Buuaii acomitoBanack 3 mnporokoioM OpenFlow (ans BigmaneHoro
3B'A3KY 3 €JIEMEHTAaMH MEPEKEBOi IUIOMIMHU 3 METOI0 BHM3HAYEHHS NUIAXY
MEpEKEBUX ITAKETIB Yepe3 MepeKeBl KOMyTaTOPH) 3 MOMEHTY HOSBH OCTAHHBOTO B
2011 pomi. Omuak 3 2012 poky el TepMiH TaKOX BHKOPHUCTOBYBAJIW BIIACHI
cucremu [36, 37]. Jlo HUX HanexkaTh BiIKpUTEe MepexeBe cepeposuine Cisco
Systems i maTdopma BipTyanizauii Mepexi Nicira.
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[Ipu TexHIYHOMY TPOEKTYBaHHI aIMIHICTPYBaHHSI MEPEXi CHHTE3 BHKOHABUYOL
YaCTUHH KOXXHOI (pyHKIiOHambHOI KOHCTpYKTMBHOI oamuumi (KO) cucrtemu, sik
mpaBWiIo, € A00pe BiANPalLbOBaHOI (OPMATBHOIO MPOLEAYPOI0, ale CHUHTE3
ympasisitouoi dactuan qaHoi KO moB’s3aHWii 3 BpaxyBaHHSAM HeQOpMalbHUX,
cnerudigamnx ymMoB 3actocyBaHHs KO i moTpedye TOKIagHOTO PO3TIISITY.

AJITOPUTMIYHUH CHHTE3 ITPOT'PAM I ITPHCTPOIB YIIPABJITHHA
ITPOLIECAMMU A/IMIHICTPYBAHHA MEPEXIT

Po3rnsiHeMo anropuTMidHUI CHHTE3 IPOTpaM i IPUCTPOIB AT aAMiHICTPYBaHHS
Mepexi [38-40].

«JIiHIiHUMY € TEeXHOJOTIYHHU TpoIec, SIKUM CKIaJae IMOCHITOBHICTh y daci
($yHKIIOHATIBHUX 1 JIOTIYHUX omepauii; niHiiani nponec (JIIT) BigpisHseTbCs Bix
CKJIaJTHOTO TIPOLIECY «CITHOBOTO» THITLY, B SIKOMY OJHOYACHO MOXE peai3yBaTHCs
JEKiTbKa MPOCTHX MPOIIECIB. YTIPaBIiHHS MPOCTUMH (JTIHIMHAMH) TEXHOJIOTIYHUMHU
mporiecamun KO manHoi iH(opmamiitHOT (GYHKIT peami3yeTbCsi MPUCTPOSIMHU
ynpasninas (ITY), un Mikponpouecopamu, siKi MPpeACcTaBIsIFOTh COO0I0 Tak 3BaHi
muckpetHi aBromaté ([JA) 3 mam’strro. Taki JJA MOXyTh MaTh ABI pi3HHX
ctpykrypu — JIA Mypa i JA Mimi.

Crpykrypi A Mypa Bifnosigae cuctemMa QyHKIIOHATBHUX PiBHSHb

Zi = o(%,2i1)
: @
Vi =w(z)

ne  Zi1—crad [IA y monepenHii JUCKPETHUI MOMEHT Yacy ti.i;

Xi — BXigHAa KOMaHJa (O3HAKa YMOBH CKiHUEHHS TIOMEPeIHbOI omepartii
MIPOIIECY BiJl BHKOHABYOTO MTPUCTPOIO) B IOTOYHUI TUCKPETHUH MOMEHT 4acy t;;

Zi — ctad [JA, B sKuif HOTO IEPEBOIUTH Xi;

Yi — BuxijHa koManaa JIA (komaHza Ha IMOYATOK BIJMOBITHOI MOAAJBIIOT
oreparlii mpoiecy BUKOHABYOMY IIPUCTPOID) B MOMEHT 4acy {;.

Crpykrypi A Mini Bianosigae cucrema QyHKI[IOHATIBHUX PIBHSHb

Z; =D(%,Z_1)

, 2
Yi =¥(%.2i1) @
ne  Zi1—crad [IA y monepeaHii JUCKPeTHUI MOMEHT Yacy ti.i;
Xi — BXiZJHa KOMaH/a (03HaKa YMOBHU X0y IPOLECY) B TOTOYHHUN AUCKPETHUH
MOMEHT 4acy t;;
Zi — ctad [{A, B sikmif HOTO TIEPEBOIUTE Xi;
Vi — BuxizHa komaHaa JIA (komaHza) B MOMEHT 4acy ti.

MHoxuHa BHYTpilIHIX cTaHiB {Z} J{A mpencTaBiseTbcsi KOMOIHALISIMHU CTaHiB
OiHapHUX eNeMEHTIB mam’sTi («IBOTYHUMY» KOAOM); BuOOpoMm GyHKHin (¢,y) JA
Mypa ta (@, ¥) JA Mini ctae MOXIJIMBUM 320€3MIEUNTH [IEPETBOPEHHS iHpOpMallii,
BiJIMOBITHO JTO MOTPiOHMX MPaBUII, 32 JOITOMOTOI0 JaHUX CTPYKTYp HA.

Anroputmiuauii cunte3 I1Y Ha 1pynTi JA migpo3minserscs Ha /Ba eTanu —
aOCTpaKTHHH 1 CTPYKTYpHHUH CHHTE3.

AbctpaxThuii cuntes [1Y nonsrae B onepskanni abctpaktHoi moaeni JJA —rpada
CTaHiB 1 mepexoaiB. [ng mporo cxema ajaroputMy YIpPaBIiHHA «BiAMIUa€ThCS
cuMBoOIaMH cTaHiB [lA, 1 TOTiM aHami3yIoThes nepexoau A y CyMibKHI CTaHH ITPH
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yCiX MOKJIMBUX BXIJTHUX KOMaH/AaXx (JoriuHux ymoBax). Koxna BxigHa komanzga X;

peanbHO BiAMOBiIa€ MOXKIIMBIH KOMOiHALIT IOTTYHUX 3MIHHUX «YMOB) —
<M(m)J=1mﬁ, 3)

e Pi  — 3HA4YeHHS JIOTI9HOI 3MIHHOI «ICTHHA» i-01 YMOBH KOHTPOJIO Iepediry
IpoLecy; P; — 3HAYEHHs JIOTIYHOI 3MIHHOI «IIOMHJIKa) i-01 yMOBH.

KorxHa BuxinHa komanga Y; BIANOBiAAE €UHIN 3 KOMaH/ yIPaBIliHHS, IKY BUAAE

ITY 06’exTy ynpaBmiHHS —
(A, i=1n). (4)

Hus ITY Ty 1A Mypa, sik To BurumBae i3 (1), KinbkicTs ctaniB JJA mopiBHIOE
KITBKOCTI pi3HUX KOMaH/I YIIpaBIiHHSA, TOMY Ha rpadi JJA #oro BepmmHamMu OyayTh

2o(110,KO ); 2, (A )53 2,( A, ), (5)

Ie cTaH Z; Binnosizae moyatky omepanii (ITO) 1 kinmo onepauii (KO) npouecy

ynpasninas. Koxna npyra rpagy A mnoBHHHA BiINOBiZaTH MOXKIHUBOMY
oTiepaIfiifHoMy Iepexomy B CXeMi aJTrOpUTMY 1 MaTh «Bary» — JIOTIYHUH BUpa3
yMmoBH niepexony A y cyMixHWMIA CTaH.

Has ITY tuny A Mimi, sx e BugHo i3 (2), KiTbKicTh cTaHiB JJA mopiBHIOE
KUIBKOCTI pI3HMX KOMaH ympaBiiHHA, Tomy Ha Tpadi A #oro BepmmHU
3’€IHYIOTHCS TyraMH BiJIOBIJHO OMepaIiiiHOMy TMEepexoay B CXeMi alroputMmy i
MAalOTh «Bary» — JIOTIYHUH BUpa3 yMoBH niepexoy A y CyMiXKHUH CTaH Ta KOMaHIy
yhpaBIiHHs, Ky Buaae [1Y npu naHomy nepexo/i.

Crpykrypuuii cunre3 I1Y momsrae y mobynosi ¢ynkuionansnoi cxemu I1V i
MICTUTh HACTYITHI KPOKH.

1) Bu6ip kinbkocTi i Tuny enemenTiB nporecy (EIT).

Ockinbku cTanu JIA HagarThCS JBOTYHUM KOJIOM, TO KiTbKicTh EIT misa JIA Mimi
i Mypa rpu KiJIBKOCTI IX CTaHiB M 3HaXOUTHCS 32 (POpMYII0r0 —

Nen: E[IogZ m] (6)

3Buyaiino B sxocTi Ginapuux EIl 3aCTOCOBYIOTBHCS €J€MEHTH 3 YCTAaHOBUMMH
sxonamu R(1) ta S(0) i «ipsimum» (1) Ta «inBepcrnm» (0 ) Buxomammu.

2) Cknananns joriyaux GyHKmin ynpaeniaas EIT
3aBuacHO KOXXHOMY cTaHy JA MpHCBOIOETHCS HOTO 3HAUYEHHSI B IBOIYHOMY KOJIi

Z; = <ann—1"'q1>’ )

ne KoxkHe  npuiiMae 3HaueHHs 1 a6o 0. Toxi y BiAMOBIIHOCTI 3 EPIIUM PiBHAHHIM
cuctem (1), (2) maemo —

R = LmJ(ai Yot (i k- (Ko )y =1,m
o ©

Si = U(qi )k—l'(ai PR CORTYY i=1m.
k=1
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Tyt m — xinbKicTs cTaHiB IA;
(k-1) — cran, 3 sikoro MmoxrBUi nepexin A y nanuii kK-ii cram;
Xg_1k — JIOTTYHUIH BUpa3 (CJIOBO) yMOBH MEPEXOLY;

(q ,a)k_l — nasHi cranu EIT s (kK-1)-ro crany JIA;
(q ,C_])K — notpi6Hi cranu EIT s (K)-ro crany JIA.

3) CxiiagasHs JOTT9HUX (PYHKITIH BUXITHUX KOMaHI.
V BianoBigHOCTI 10 Apyroro piBHsHHSA cucteM (1), (2) Maemo:
s 1A Mypa —

m
y; =(a"""(z;).i = ALA2,...KO, 9)
i=1
ne 0i"”"” — notpi6uuii ctan i-ro EII BifmoBiaHo 10 KOy cTaHy Z;,
s A Mini —
m
y; =" (2j1)- ¥ 1.0 = ALA2,..KO. (10)

i=1

4) Cunres (yHKIIiOHATHHOI cxemu [1Y.

Brnok EII € ix mpocToro cyKyIHICTIO; ToriuHui nepeTBoproBay [1Y cuHTe3yeThCs
y BUTIISIAL CYKYITHOCTI KOMOIHAIIIfHUX CXeM — By3IiB ()OPMYBaHHS yCiX CHTHAJIB
S,R.Y.

Ha npomy anropurmiunwmii cunTe3 I1Y 3akiHdyeThcsl 1 Hamami 3MIHCHIOETHCS
anapaTHuil (cxemHmil) cunares [1Y.

BUHCHOBKH

1. Posrmsinyto po3sutok Cucremnoi Apxitektypu IT-iHpacTpykTypH,
opieHTOBaHOi Ha BHWKOpHUCTaHHs cywacHux Jlata-uentpiB. Ilpu 1pomy
nepeadadaeTbcss CTBOPEHHS KOMIIOHEHTIB, L0 ONHMCYIOTh: 3arajbHi IMiAXOIH
moOymoBr cuUCTeMHOI apxiTekTypu; IT-cepBicm — TEXHONOTiIUHI CHUCTeMH, SKi
BUPIIIYIOTH 3aBIaHHsI KOpIiopailii; Jjoridyny Mozenb [T-ingpacTpykTypH.

2. ChopmynboBaHo HacTynHud mnpuHoun nodynoBu IT-iHdpacTpykTypu:
apxitektypu IT-iHdpacTpykTypn BHU3HauyaroTh Habip cepsiciB. IT-cepicu
HaJarThCsI TPHOM T'pymaM KimieHTiB. IT-cepBicu Ta KIIIEHTH MOB'SI3aH1 5 CIICHAPIAMU
peauizarii. [aTerparito IT-cepBiciB Bu3Ha4atoTh 5 apxitektyp. B sikocti IT-cepgiciB
MU PO3yMieMO iH(pOPMaLiiiHI TEXHOJIOTI], CIPSIMOBAHI HA MiATPUMAHHS B TEXHIYHO
CTIPaBHOMY CTaHI TaKHX €JIEMEHTIB: MEPEXHi MPUCTPOi, OOUNCITIOBaTbHA TEXHIKa,
npucTpoi 30epiraHHs JaHWX, CIY>KOM aBTOMAaTUYHOT'O PO3TOPTaHHS MPOrpaMHOro
3a0e3MeUeHHs1, MEPEXKEBI CIIYKOH, CITy>KOM 3aXHUCTy MEPUMETpa, CIyXOH KaTajory,
ciryxOu (aiimiB 1 IpyKy, cIy>kOM YIpaBiIiHHS JaHUMH, CIy>KOM Oi3HEcC-I0JaTKiB,
ciryx6m ynpasiiaas [T, cyxOu apxiByBaHHS Ta BIZIHOBIICHHS, CITY»KOU yIpaBIiHHS
ceptudikaramu, Ciry>KOu iHTerpari.

3. ApxiTekTypH BH3HAYalOTh (yHIAMEHTaJbHI NPUHOUIN  1OOYIOBH
IT-cepeiciB i ix B3aeM03B's130K. Takosx, Ha 0a3i apxiTEKTypHu HOPMYIOTHCSI BUMOTH
mo crBopenHs IT-cepgicib.

4. OpHielo 3 HaWBaWKIMBILIMX apXiTEeKTyp € apxiTeKTypa yIpaBIiHHI
IT-indppacTpykryporo.
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5. ApxiTeKkTypa CHCTEMH VyOpaBIiHHSA 3a0e3rnedye HEOOXiAHWI piBEHb
IT-cepgiciB [lata-neHTpy 3a paxyHOK OpraHizamii TpbOX KOMIIOHEHTIB — IIEPCOHAY,
MPOIIECiB, TEXHOJIOTIH, A5 ynpasminHs [T-iHdpacTpykTypoto.

6. 3aBHaHHAMU apXiTEKTypU €: BUKOPHCTaHHS NPOIECIB Ta iHQOpMAIiiHIX
TEXHOJIOTIM I BHUSABJICHHS Ta MiHiMizamii BimMoB IT-cepBiciB; 3a0e3medcHHS
BUCOKOTO CTymeHs iHTerpamii iHQopMamiiHUX TEXHOJOTid  yNpaBiiHHL,
3a0e3redyeHHs pearyBaHHS Ha 3MiHY HapaMeTpiB CHCTEM 1 BUKOHAHHS CEPBICHHX
(hyHKIIIH B peXXUMi peaTbpHOTO Jacy.

7. Ins  npukiagy — po3msiHyTo — QyHKOito  ympaeniHaa — [T-cepsicom
aAMiHICTpyBaHHS Mepexi (MOHITOPHHT 1 KOHTPOJNb CEpBICiB  YIpaBIiHHSA
KOH(pITYyparisiMu, KOOPAWHAILS 3MiH, BiIJaieHe YIIPaBIiHHS Ta HAIarOJKeHHS).

8. Po3rnsiHyTO anNropuUTMiYHME CHMHTE3 TpOrpaM 1 MPUCTPOIB yIpaBIiliHHSI
mporecaMy aJMiHICTPyBaHHS MEPEXKi, 10 Mojsrae y moOyaoBi (yHKIIOHAIBHOL
CXeMH TIPHUCTPOIB YNPAaBIiHHSA Ha JABOX €Talax — aOCMpakmHuil i cmpyKmypHuil
cunme3, 1 BA3HAYCHI BC1 KPOKH HOTO PO3B’sI3aHHs Ta TIOJANTBIIHIHA arapaTHHA CHHTES.
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STUDY OF HYDRODYNAMIC PARAMETERS
OF A SELF-OPERATING SLUGE TO PREVENT FLOOD SPILLS

Abstract. All methods of combating the flooding of populated areas are directly
related to the execution of significant volumes of earthworks, the construction of
special structures, and therefore require comprehensive analysis and substantiation
and the selection of the most economically feasible and affordable project options
during design.

But analyzing the main methods of protecting the territory of settlements from
flooding, it should be noted that even with their optimal use, the problem of flooding
territories due to river tributaries remains. Therefore, it is worth focusing attention
on the search for a technical solution that would make it possible to pump water
from the tributary to the river without using expensive, complex in design and
energy-consuming equipment. One of the promising solutions is the use of automatic
gateways.

The purpose of the work is to study the hydrodynamic parameters of the proposed
design of the self-acting lock to prevent flood spills.

The design of a hydrotechnical structure (self-acting sluice to prevent flood spills)
is proposed, which is designed to prevent flooding of territories due to river spills
and can be used to regulate the water level in hydraulic systems. It is shown that the
use of the developed structure will make it possible to significantly reduce the
negative consequences of possible flood spills in the territories.

A three-dimensional model of the self-acting sluice was developed in the SolidWorks
program to confirm its performance and study the hydrodynamic parameters of the
self-acting sluice. The simulated simulation of the proposed design of the ejector
pump in the FlowSimulation software module confirmed its efficiency and made it
possible to determine the distribution of pressures and fluid movement speeds in it.
It was established that the flow rate of the liquid flowing through the cross-section
of the pipeline for water intake from the tributary is 0.055 m?s at a river flow speed
of 3 m/s.

Keywords: flood; flooding of territories; automatic gateway; ejector pump;
simulation modeling
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IBaHO-DpaHKIBCHKI HAIOHANBPHUHA TEXHIYHUHM YHiBepcuTeT HadTH 1 rasy, M. [BaHO-
®paHKIiBCHK, YKpaiHa

JOCJII/UKEHHSA I'IJTPOJUHAMIYHUX ITAPAMETPIB
CAMOJIIOYOI'O HIVIIO3Y UIsA 3AIIOBII'AHHSA
MMABOJKOBHUM PO3J/IMBAM

Anomaujisn. Bci memoou 60pomvou i3 3amonyieHHaAM mepumopii HaceneHux NyHKmie
be3nocepedHb0 N08’A3aHI 3 BUKOHAHHAM 3HAYHUX 00 €MI8 3eMIAHUX pobOim,
0y0iBHUYMBOM CHeYianbHUX CHOpYO [ MOMYy HpU NPOEKMYBAHHI BUMA2AIOMb
YCecmopoHHb020 aHanizy i OOIpYHMY6awHs ma 6ubopy Hatbilbul eKOHOMIYHO
OOYINbHUX | OOCMYNHUX 8APIAHMI6 NPOEKMY.
Ane ananizylouu OCHOBHI CNOCOOU 3aXUCMY MePUMOPIi HACENeHUX NYHKMIE 6i0
3amonnenns, cnio i03HAYUMU, WO HAGIMb NPU iX ONMUMANLHOMY GUKOPUCTIANHI
3anUUaEmvbCs npodaemMa 3amonients mepumopiil yepes npumoxu piuox. Tomy
6apmo 30cepeOumu y6azy HA NOWLYKY MEXHIYHO020 DIueHHA, AKe 6 0ano 3mozy
nPoBooumuU 8iOKAUYEAHHs 600U i3 NPUMOKU Y PIUKY 0e3 3aCmOCy8aHHs 8apmicHO20,
CKIAOHO20 34 KOHCMPYKYIE ma eHepeosumpamuozo o001aoHanus. OOHum 3
nepCneKmusHUX pitleHsb € BUKOPUCTNANHA CAMOOIIOUUX WLNIO3IE.
Memoro pobomu € 0ocnioxcenHs: 2i0pOOUHAMIYHUX NAPAMEmpPI8 3aNnPONOHOBAHOL
KOHCMPYKYIT camooitouo2o w3y 0 3anodieants Na80OKOBUM PO3IUBAM.
3anpononosano KOHCmMpPYKYito 2iopomexHiunoi cnopyou (camooitouo2o wiiio3y 0s
3anobieanus  NAGOOKOSUM  PO3IUBAM), WO NpusHavena Ona  3anodieanis
3amonneHHI0 mepumopiil 6HACIIOOK PO3IUBY PIK i Modce Oymu 6UKOPUCMAHA 015
peaynioéants  pieHa 6oou 6 2iopomexniunux cucmemax. Ilokazamno, wo
BUKOPUCMAHHA PO3POONIEHOI KOHCMPYKYIl 0acmb 3MO2Yy 3HAYHO 3MEHWUMU
He2amueHi HACAIOKU HA MePUMOpPIixX 6i0 MONCIUBUX NABOOKOBUX PO3IUGIE.
Jlna  niomeepooicennss npaye30amHocmi ma  O0CHIONHCeHHs  2I0POOUHAMIYHUX
napamempis camooiouo2o w3y po3pobaeHO U020 MPUSUMIDHY MOOenb Y
npoepami  SolidWorks. I[lposedene imimayiline MOOeNO8AHHSA HNPONOHOBAHOL
KOHCMPYKYIi  edcekmopHo2o Hacoca 8 npoepamuomy mooyiai FlowSimulation
niomeepouno ii npaye30amuicms ma 0aio 3M02y USHAYUMU Y HIll PO3NOOIL MUCKIE
i weuoxkocmeti pyxy piounu. Bemarnoeneno, wo eumpama piounu, sika npomikae
yepe3 nonepeyHull nepepiz mpyoonposoody 0as 6i060py 600U i3 NPUMOKU, CKIA0AE
0,055 m%/c 3a weuoxkocmi meuii piuku 3 m/c.
Kniouosi cnosa. nagoook;, 3amonieHHs mMepumopii;, Ccamooilouuil w03,
edCeKMOopHUlL Hacoc, iMimayiline MOOen08anHs

DOI: https://doi.org/10.32347/2411-4049.2022.4.114-127

Beryn

AHaniz 3aKopOOHHUX MA GIMYUUIHAHUX 00CTIOIHCEHb | NYOIKaAUil

3axucm mepumopii 6i0 3amonnenns. 3aTOIJICHHS TEPUTOPii BUHUKAE, SIK
MPaBUIIO, B PE3yNbTaTi BUIUBY PiK, 03ep a00 IHTEHCMBHUX ONa/liB UM TAHEHHS CHITY.
[Nepionnyne 3aToruieHHs: TEPUTOPIT (OJIMH pa3 Ha MEBHY KiJIbKICTh POKiB), BUOpaHOI
Ui OyJIBHMLITBA HACEJIEHOTO IyHKTY, Ha3MBAETHCS MMOBIPHICTIO MEPEBUIIECHHS 1
BUpaXaeThCs y BicoTkax (%). SIKII0 3aTOMIeHHs TEpUTOPii BiIOYBAETHCS ONUH Pa3
Ha 100 pokis, To iimMoBipHicTb nepenmenns (MIT) cknanae 1%, a Ha 50 pokis WIT
cknanae 2% toro [1].
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VY BIAMOBIZHOCTI 3 MpaBWJIaMHU IIaHyBaHHS 1 3a0ylOBM HACENEHHWX ITyHKTIB
TepuTOpii, SAKi 3aTOILTIOIOThCA dacTille ofgHoro pasy B 25 poki (MII = 4%)
3 MAaKCUMaJIbHUM PiBHEM 3aTOIUICHHS 3arjiaBy piku Oubiie sk 0,6 M, BiIHOCATBCS
0 HECTIPUSTIMBAX TEPHUTOPIH, sIKi MOTpeOyIOTh 3aXWCTy BiJ 3aToruieHHS. [Ipu
3aTOTUIEHH]I TePUTOPii, MPU3HAYEHOI IS KaIliTATFHOTO OYIiBHUIITBA, HMOBIPHICTh
3a0e3MeUYeHHs JTOYCKAaeThCs B Mexkax Bifl 1% 1o 3%, 1o BiANOBiae 3aTOIICHHIO
Bix oxHOTO pa3y B 100 pokiB 10 ogHOTO pasy y 33 pokwu.

Y 60poTh0i 3 3aTOMIIEHHIM TEPUTOPI HACEIEHNX ITYHKTIB, SKi pO3TaIlIOBaHi Ha
Oeperax pik Ta iHIINX BOJOWMMUIL, BUKOPUCTOBYIOTh Pi3Hi CIIOCOOH, K1 3ajexarb
BiJl MiCLIEBUX YMOB, XapakTepy piku abo BomoiMuIa (pexuMy, LIBHIKOCTI Teuii,
PiBHS BOJOM TOIIO) Ta OCOOJMBOCTEW BUKOPWCTAHHS 3a0yIOBH Ta OJaroycTporo
TEpUTOPIi, SIKa MepioAMYHO 3aTOTLTIOEThCS [ 1].

OcHoBHUMH crnoco0aMu  3axHCTy TEpUTOpil HAceNeHUX TMYHKTIB BiX
3arorurenns € [1]:

1) cyninpHa miaCUIIKA TEPUTOPIi, KA 3aTOTUISETHCS 200 MiATOTUIIETHCS;

2) o0BayBaHHS TEPUTOPIi MUISIXOM OTOPOKCHHS HACEIICHOTO MyHKTY BaJlaMH,
BIIAIITYBaHHS 3aXUCHUX JAaM0 (rpe0uti) 31 CTOPOHU PiKu;

3) moHIKEHHsI PiBHS BOJAM B Pilli B MeKaxX HACEIEHOTO MyHKTY, PEeryIfOBaHHS
CTOKY 1 BUTpAT BOJM IUIAXOM OyIiBHUIITBA BOJOCXOBHII] BUIIEC HACETICHOTO MYHKTY
3a TEYi€r0 BOAM B Pilli i CTBOPEHHS BiJIBIIHOTO BOAOCKUIHOTO PYCIIa;

4) 30inpIIEHHS TMPOITYCKHOI 3JATHOCTI PIiKM B MeXaxX TEPUTOPii HACEIEHOTO
MYHKTY 715 IPOITYCKY O1JIBIIOT KiTBKOCTI BOAM IUISIXOM PO3YHUCTKH Ta MOTIHOICHHS
pycia piku.

VY GaraTtbox BUNaJKax JAOLUIBHO BUKOPUCTOBYBAaTH OAHOYACHO Pi3HI 3aXOIH B
KOMILIEKCI.

Kpim mepiomnuHux 3aTOIUIEHb, MOXE OYyTH TOCTIMHE 3aTOIUICHHS TEPHUTOpii
HACEJICHUX MYHKTIB, PO3MIIIEHHUX y 30Hi MiINOPY IpedJIi Ha BEIMKUX PiKax, a TAKOX
[IPY CTBOPEHHI IITYYHUX BOJOCXOBHILL.

Metoan 3aXHCTy TEpUTOpil BijJl 3aTOIUICHHS 3aJIe)KaTh BiJi BUCOTH MiAIOpY i
IUIONI JJISTHKW, IIHHOCTI OyJiBeNIb 1 CIHOPYJ Ha TEPUTOpIi, NPUPOIHUX
ocobimBocreii [1].

[Ipu Hemmpokiii cMy3i 3arutaBu piKU JIONUIBFHA 3arajibHa TJICUIIKA Ha BCIH
TEPUTOpIi 10 HE3aTOIUNIOBAaHMX BiAMITOK. [Ipu cepenHildi BHUCOTI MiJICUIIKU
(1,5-2,0 m) i HastBHOCTI TIOOJIM3Y 3€MIISTHOT MacH IPYHTY 1€l METOJ € EKOHOMIYHO
BUIIPABIaHUM.

[pu mmpokiii cMy3i TepUTOpii 3aTOTUICHHSI CIIOPYKYIOTh 1aMOH 00BaTyBaHHSI.
Bepxns BiiMiTKa 1aMOu MOBHHHA Oy TH BUIIIOIO 32 PiBeHb MaBOAKOBUX BojI. [lInpuna
JamMOu mpuiiMaeThcsl B Mexax 4,5 M, 1o 3a0e3nedye Mmij i3 eKcIuTyaTalliitHoro
TPaHCHOPTY.

Pazom 3 1mmM mnpu crHopymKeHHI JaM0 YacTO TIOTIPIIYIOTBCS yMOBH
apXiTeKTypHO-TIaHyBaJILHOTO BUKOPUCTAHHS 3a0y0BaHO1 TEPUTOPIi:
MepeKpUBAETHCS Oe3M0cepeIHif 3B’ 130K HACETICHOTO IMYHKTY PiKOIO, MOTiPLIYIOThCS
CaHITAPHO-TITIEHIYHI YMOBH TEPHTOpIl, YCKIQIHSIOTbCS YMOBH eKCIDITyaTarlii
MiA3eMHUX KOMYHiKalii, 00 /Ui BiIBEAEHHS MMOBEPXHEBOI'O CTOKY 3a MEXi JaMOu
Tpeba CropyKyBaTH CTaHLii nepekauyBaHHsA BOAU. 3a0yA0Ba TEPUTOPIi MOXKIIMBA
TUIBKHA MICAS CHOPY/UKEeHHS namOu. OgHaK MpH 3aXHCTI BiJl 3aTOIUICHHS BKE
3a0yJOBaHMX TEPUTOPIA MOIIIPHE TIIBKH CIHOPY/UKEHHS 1aM0 OOBaTyBaHHS

(puc. 1) [1].

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npupogokopuctysanss, Ne 4 (44), 2022



~ 117 ~

[z
A WV =5

Puc. 1. Cxema 3aXHCHUX CHOpPY/ JUIsl HACEJIEHHUX IYHKTIB y 3allUIaBHI 4aCTHHI PIBHUHHUX
piK: @ — HaceJIeHUH MYyHKT MIXK JBOMa IMPUTOKaMH PikH; O — HACEJIEHHUH IMyHKT HA MPUTOLI
piKM; B — HaceJeHWH NyHKT Ha IPUTOLI pIKM, PyclO BiJBEJEHE 3a MeXi naMOwu;
1 - HacemeHmii TyHKT; 2 — mam0a oOBanoBaHa; 3 — HACOCHA CTaHIA; 4 — pETyTIOI0YHN
OaceifH; 5 — MeKa 3aTOIIEHHS

Ha mipromroBaniii TepuTopii BinOyBaeThCs MiIBUILEHHS PiBHS IPYHTOBUX BOJI,
MOHM)KEHHS SIKOTO 3a0e3Ieuy€eThCsl LUIIXOM CHOPYIKEHHS OEperoBOro IpeHaxy
B3JIOBX IiIomBY AaM0 oOBamyBaHHs. [Ipyn THMuacoBoMy MiANOpi MiI3eMHUAX BOJ
BOHHM BHITYCKAIOTBCS 3 JPEHAKHOI MEpeKi 3a JAOMNOMOIOI0 CIEliabHOI CTaHIii
nepeKadyBaHHA.

Bci meromm 0OopoThOM 3  3aTOIUIEHHSM TEPHUTOpii HACENEHHWX ITyHKTIB
Oe3mocepeTHbO TOB’s13aHI 3 BUKOHAHHAM 3HAYHHX OO0’€MIB 3eMIISIHUX pOOIT,
OyMiBHUIITBOM CIIELiJIbHUX CIHOPYA 1 TOMY TpU TPOEKTYBaHHI BUMAararmoTh
BCECTOPOHHBOTO aHaNi3y W OOIpyHTYBaHHS Ta BHOOpPY HAHOUIBII €KOHOMIYHO
JOIUTBHUX 1 IOCTYITHUX BapiaHTiB MPoeKTy [1].

3Bakaroud Ha OCHOBHI CIOCOOM 3axXHCTy TEPUTOPIii HACEIEHHX IyHKTIB Bif
3aTOIUICHHS, BapTO JOAATH, IIO HABITh NPH iX BUKOPUCTAHHI 3aJIMIIAETHCS
mpodieMa — 3aTOIUICHHS TEPUTOPIN uepe3 NpUTOKU pidoK. OCKiJIbKH PiBEHb BOIH
il 9ac TIOBEHi y piuli 3pocTae, To BiIOyBa€eThes ii MepeTikaHHS Y IPUTOKY PIUKH.
VY Bunanky HasBHOCTI JaMOM, IO BiATOPOKYE PIUKY Bif MPUTOKH, HEOOXiTHIUMH €
HACOCHI CTaHIlii, 10 BiJIKAYyBaTUMYyTh BOXy 3 NMPUTOKH Yy piuky. Taki HacocHi
CTaHIil MOTPeOyIOTh MiJBEIEHHS ENEKTPOCHEPrii, CepBICHOrO 00CIyroByBaHHS
tomro. [le BUKIIMKae MeBHI TPyAHOII ITpH 1X eKcruTyaTarii. ToMy BapTo 30cepeiuTi
yBary Ha IOIIYKY TEXHIYHOTO pillieHHS, fKe O Aajio 3MOTy IPOBOANTH BiAKauyBaHHS
BOJIM 13 TIPUTOKH y PIiUKy 0€3 3aCTOCYBaHHS JOPOTOBApPTICHOTO, CKIIAIHOTO 3a
KOHCTPYKIIIEIO Ta EHEPrOBUTPATHOTO 00J1aIHAHHS.

OnHUM 13 JOBOJIi MPOCTHX MPHUCTPOIB LIS NOMEPEIKEHHS TaBOJAKOBUX PO3JIHBIB
€ mpucTpii [2], 300paskeHuii Ha pUCYHKY 2. DaKTUUHO BiH € IUTI030M-PETYISTOPOM
Ta CKJIAaJAEThCs 13 BOAOBIAOIMHOI CTIHKM 1 3 BOJONPOITYCKHUMH OTBOpaMH 1
KJIaITaHHUMH 3aTBOpamu 3, 4, 5. KiananHi 3aTBOpu po3TalioBaHi BEPTUKAIBHO Ta
BEPXHBOIO YACTHHOIO 32 JOIMOMOT0I0 MAPHIpiB 6, 7, 8 3aKpiIuieHi 10 BO1oBin0iiHOT
CTIHKH | 3 MOXIIUBICTIO TIOYEPTOBOTO (3HU3Y JOTOPH) BIAKPUTTS BOJOMPOITYCKHUX
otBopiB. [Ipy bOMY y BOJOBIAOIMHY CTIHKY 1 J1OJaTKOBO BCTAHOBJICHO IIiJi KyTOM
70 OTBOPY 13 KIAaHHUM 3aTBOPOM TpyOy aBapiiHOro ckumy 9 i3 3BOPOTHUM
knanaHoM 10 Ha BUKHITHOMY KiHIIi.

Ha pucynky 3 300paxeH0 cXeMy pO3TalllyBaHHS IUTI03a-PETYIISATOpa BiTHOCHO
piku, IPUTOKH Ta AaMOH.
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Puc. 2. Ilpucrpii s momepemkenHs Puc. 3. Cxema po3rallyBaHHS [IUTIO3a-

MaBOJIKOBMX pO3JMBIB: 1 — BOJOBiAOIfHA peryysITopa BiIHOCHO PiKH, IPUTOKH Ta

cTiHka; 3, 4, 5 — xanaHu-peryisropu; 6, 7,8 —  nambu: 1 — BomoBiAOiitHA CTiHKa; 2 —

mapHipu; 9 — TpyOa aBapiitHoro ckuay; 10 —  OTBIp i3 KJlaaHHKUM 3aTBOpOM; 9 — TpyOa

3BOPOTHUH KJlallaH aBapiiiHoro ckuiy; 10 — 3BOpoTHHI
KJIanaH

[lpu HOpManbHOMY piBHI BOOM y pili i NPUTOLi BOAa 3 NMPHUTOKU Tede IO
BOJIOBIIOIMHOT CTIHKH 1 4Yepe3 OTBip 3 KIAMAHHUM 3aTBOPOM 2 HAAXOAUTH JIO
HIKHBOTO  KJIAllaHA-peryiaTropa 3, SKHH 3akpiluleHnd Ha ImapHipi 0,
MPUBIIKPUBAETHLCS 1T HATOPOM BOJIH, BIAXWISIOUKCH BiJl IOBEPXHI BOAOBIIOIHHOT
CTiHKHM 1, 1 Ta€ MOXIUBICTH BUTOKY BOJIM 13 MPUTOKU B PiUKy. 3a HEOOXiTHOCTI
MiAHATH PIBEHb BOAM Y MPUTOL KJIATAH-PETYIIATOP 3 3aCTONOPIOETECS Y 3aKPUTOMY
MOJIOKEHHI, 1 BOJIa BUITYCKAETHCSI Yepe3 HACTYITHHI, pO3TallIOBAaHHU BUIIE, KIIATlaH-
perynsTop 4, 3aKpiruieHui mapHipoM 7. SIKII0 piBeHb BOJIU Y IPHUTOII Pi3KO 3pOCTAE
1 TIPOTyCKHA 3/IaTHICTH KIIANaHIB-PETYNATOPiB 4, 5, 6 € HeOCTaTHHOIO, TOJI 3JIHB
BOIW JOAATKOBO IMPOBOJUTHCS depe3 TpyOy 9 aBapiiiHOro CKuIy i3 3BOPOTHUM
knarnanoM 10, 3amo0iraodu po3ruBYy BOAX Ha BEIHKI TEPUTOPII.

Y BUMANKy MiTHATTS PiBHSA BOJM y Pilli BHINE PiBHS BOJW Y MPHUTOIl KJIAllaHU-
perymnsitopu 3, 4, 5 3aBAsku mapHipam 6, 7, 8 OyIQyTh 3HAXOAWTUCH Y 3aKPUTOMY
MOJIOKEHHI. 3a HeOoOXIJHOCTI 3BOpPOTHHM KianmaH 10 Takox mepekpue TpyOy 9
aBapifHOTO CKUTY.

[IpoTe y boTro NPUCTPOIO € HENOIIK — TIPH MiTHATTI PiBHS BOIU y pidll OyayTh
MOYEpProBO 3aKPUBATHCS KIAMaHW peryistopu 3, 4 Ta 5 i Boja i3 piuku He
MOTPAIUISITUME Y TIPUTOKY, aJie Y MIPUTOLIl TAKOXK MOMKIIUBE MTHATTS PiBHS BOJIH, 1110
MO>KE CIPUYMHUTH MiATOIJICHHS TEPUTOPI.

MeTa po6oTH Ta OOTPYHTYBaHHSI HeoOXiTHOCTI ii BUKOHAHHS

Mertoto poboTH € AOCIiIKEHHS APOAMHAMIYHUX TApaMETPiB CAMO/AII0YOr0 HIJI03Y
JUIs1 3a1100iraHHs aBOAKOBUM PO3JIHBAM.

BukisaneHHss 0CHOBHOTO MaTepiany

OmHuM 13 TEXHIYHHX PIIIEHB, M0 MOXKE OYTH BHKOPHUCTAHO MPH KOHCTPYIOBaHHI
TIPUCTPOIB I TIOTIEPEHKCHHS TTaBOAKOBUX PO3JIMBIB, € 3aCTOCYBAaHHs CH(OHIB

(puc. 4).
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Puc. 4. Ilpunnunosa cxema cugoHa

[Ipore BuKOpHCTaTH TINBKY CH(OH T BigKadyBaHHS BOJIH 3 TIPUTOKH Y PIUKY €
HEMOXKIIUBO, OCKIIBKH PIBEHb PiIUHH y MPHUTOLI MOBUHEH OYTH MEHIIUM PiBHS
piavHU y piumi, a pyLIHOIO CHIIOK AJISl CTBOPEHHS PO3PiIKEHHS y cU(OHI Ma€e
OyTH MBUIKICHUH HaITip (BiJl IIBUIKOCTI TEUii PiUKH).

Posrnsmatoun Teopiro Tedii piAMHN Kpi3h 30BHINIHIO NWIIHAPUYHY Hacanky [3],
MOJKHA TIOMITUTH OCOOJMBICTh — BUHMKHEHHSI BaKyyMy, IO CHpHSE BHTIKaHHIO
pimman. Taka 0coONMMBICTE PyXy PIAMHH A€ 3MOTY 3alpOIIOHYBATH PO3MIIICHHS
CHEIaIFHOTO TPUCTPOI0 HA CTOPOHI BCMOKTYBalbHOI TPyOHW, IO po3MillleHa B
piuwi. Ile macTe 3MOry CTBOPUTH PO3PiIKEHHS, IO 3a0€3MEYUTh BiJICMOKTYBAaHHS
PIAMHY 13 IPUTOKH.

CrenianbHUM NPHUCTPOEM, IO MOKHA BCTAHOBHTH Ha BCMOKTYBaJIbHIM TpyOi,
MOXxe OyTH eKeKTOpHHit Hacoc (puc. 5) [4].

4
/ Buxio
3MilaHozo
omoky
Bxio 1 — npulimaneHa kamepa
ixexmoeaHol 2 — poboya Hacadka
piduHu 6 3 — Kkamepa 3MillyeaHHs
4 — dugpysop
) 5 — exiOHa OinsiHka kKamepu 3Mily8aHHs
g;gioqor B 6 — nideid poboyoi piduHu
~

Puc. 5. KoHerpykiis exeKTopHOTO (CTPYMHHHOT'0) Hacoca

OTxe, 3ampoONOHOBAHO KOHCTPYKLIIO TiIPOTEXHIYHOI COpyIu (CaMOIir0uoro
IUTIO3Y JIJIS 3a100iraHHs MaBOJAKOBHM PO3JIMBAM ), IO IPU3HAYCHA JIJIS 3aII00IraHHs
3aTOIJICHHIO TEPUTOPiHd BHACITIIOK PO3IUBY PIK 1 MOXKe OyTH BHKOPUCTAHA JIJIS
peryJtoBaHHS PiBHS BOJH B T1[POTEXHIYHUX CUCTeMax [5].

Camopmirounii 103 JUIS  3amo0iraHHA TAaBOJKOBHM po3iuBaM (puc. 6)
CKJIAZIA€ThCS 3 BOJOBIAOIMHOI CTIHKHM 1, B AKiif € oTBopH 2, 3, 4 3 KIamaHaMu-
peryistopamu 5, 6, 7, K1 po3TaIoBaHi BEpTUKAILHO B PSIJT 1 BIAIOBIIHO 3aKPiTUICHI
mapHipamu 8, 9, 10 no BomoBimOifiHOI cTiHkM 1. Y BOJOBimOiiiHIN cTiHII
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BCTaHOBIIEHA TpyOa aBapiiiHOoro ckumanHa 11 Ha piBHI HaiiBHmoOro orteopy 4
NEepHeHINKYISIPHO 10 pycna pikd. 3 00Ky MPUTOKH BCMOKTYIOUHH TOpeUb TPyOH
aBapifHOTO CKWAAHHS 3HAXOIUTHCA B IUIOLIMHI OTBOPY 3. 3 OOKYy piKH TOBKMHA
TpyOHM aBapiifHOTO CKHIAHHA CSTA€ pyciia piku mpH moBeHi. Ha BukugHOMY TOpII
TpyOu aBapiitHOTO CKuAaHHA 11 BCTaHOBIIEHUH eXeKTOpHUI Hacoc 12. B HaiiBumin
TOULl TpyOH aBapifHOro CKUJaHHS BCTAHOBJICHUH pO3MOBiTpIoBay 13.

Puc. 6. Camopmitounii nutr03 Juisi 3armo0iraHHsl MaBOJAKOBUM po3nuBaM: 1 — BomoBinOiliHa
cTiHka; 2, 3, 4 — otBOpH; 5, 6, 7 — Kinamanu-perysstopy; 8, 9, 10 — mapuipu; 11 — tpyda
aBapiiHOrO cKujaHHs; 12 — eXXeKTOpHUii Hacoc; 13 — posmnoBiTproBay; 14 — pycio piuku; 15 —
pycio nputoku; 16 — qamba

[Ipu HOpMankHOMY piBHI Bosu y pitli 14 i mpuromi 15 Bojga 3 MPUTOKH Teye /10
BOJIOBIJIOIMHOT CTiHKM 1 4epe3 OTBIp 2 HAJAXOAWUTh JO HIDKHBOTO KiamaHa —
perymsitopa 5, sIKuii 3aKpiluIeHWH Ha IIapHipi §, IPUBIAKPUBAETHCS i HATIOPOM
BOJIM, BIIXWJISIOYKMCH BiJl TOBEPXHI BOJOBIAOINHOI CTIHKK 1, 1 1a€ MOXKIIMBICTh
BUTOKY BOJIM i3 IPUTOKH B piKy. [Ipy migHATTI piBHS BOJAM B Pilli BUIIEC HHKHBOTO
PiBHS OTBOPY 2 KIIANIaH-PETYIISATOP S5 3aKPUBAETHCSI ITi]] HAIIOPOM BOJIU B pilli i Boza
3 piku He OyJie TToCTynaTu B IPUTOKY. Boia 3 mpuTOKM MOKe BHTIKaTH B PIKy HpH
JIOCSATHEHHI PiBHA OTBOpY 3. SIKIIO piBeHb BOAM B pilli 14 MiJHIMAETHCS BHILE
OTBOpY 3, TO KJanaH-peryysiTop 6 3aKpHETHCS 1 BOAa 3 piKU He Oyze MocTymnaTH B
MPUTOKY. AHAJIOT1YHO IPH HiAHATTI piBHS BOM B piuli 14 10 piBHA 0TBOPY 4 KilamnaH-
perynsTop 7 3aKpHeThCs 1 BOJIa 3 PiKK He OyJIe IOCTYIaTH B IPUTOKY. TaKUM YHHOM,
IIPH MiTHATTI PIBHS BOAM B pilli 14 10 piBHSA BUCOTH 3aXUCHOT qamOu 16 Boza 3 piku
He OyJie 3aTOIUIIOBATH NPWIIETITY TEPUTOPIIO B MICLIi BIIaJaHHS IIPUTOKH B PIKY.

MoxJIMBE OJHOYACHE MiJHATTS PiBHS BOAM B pimi 14 i B mpuromi 15. Toxi Boga
3 MPUTOKH, HE MAalO4YM BUTOKY Ta JIOCATHYBINW pPIiBHS Oepera, MOXKe 3aTONUTH
TepuTopito, mpuieriay Ao ngamou 16. B npomy Bumaaky yepe3 TpyOy aBapiitHOro
ckupanHs 11 Boga 3 mpuToku Oyne BifkadyBaTHCh B piky. Ha BUKMIHOMY KiHII
B TpyOi aBapifHOTO CKWJIaHHs ©KEKTOPHUH Hacoc 12 3HM3UTH THCK 1, KPIM TOTO,
TUCK Oinst mporo Topus TpyOu Oyle MEHIIMM TOPIBHAHO 3 THCKOM Oifst
BCMOKTYIOUOTO TOPLS TPYOH 3a 3aK0oHOM bepHyui, 1m0 3a0e3neunTh pyX BOIHU Bif
MIPUTOKH JI0 piKu. BCMOKTYOUMIA 1 BUKHIHAN KiHIN TPyOH aBapiitHoro ckumanas 11
IJIAaBHO 3MIHIOIOTH CBil piBEHb, MO0 BUKIIIOUHATH Pi3Ki MEPETHHH, 3a0€3MECTYIOTH
BIJIBHUN pUOOXiJ MiXK PIKOIO 1 IPUTOKOIO.
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BpaxoBytoun te, mo TpyOa aBapiifHOTO CKHIaHHs Oyze 3allOBHIOBATHCS BOZOIO
3 ABOX KiHIIB, MOXJMBE YTBOPEHHS B Hill MOBITPSHHMX MpoOOK, AKi OyAyTbh
CTpaBIIIOBATHUCS Yepe3 po3MoBiTproBay 13.

TakuM dYWHOM, BUKOPHUCTAaHHS CAMOJIIOYOTO TIIIIO3Y JUIS  3armoOiraHHs
MaBOJIKOBHM PO3JIMBAM JaCTh MOXJIMBICTh 3HAYHO 3MEHIINTH HETaTHBHI HACIIIKH
Ha TEPUTOPISAX BiJ MOKIIMBUX MTABOJAKOBUX PO3JIHUBIB.

s maTBepIpKEHHS Tpare3NaTHOCTI Ta JOCHIIKEHHS TiApOAWHAMIYHHX
MapaMeTpiB CaMOMIIOYOTO ILII03Y IMPOAHATI30BAHO PE3YIbTaTH KOMIT IOTEPHOTO
MOJICJIIOBaHHs TiAPOAMHAMIYHMX TPOLECIB BITYM3HAHUX [6—7] 1 3apyOiKHHX
BucHUX [8—11]. Po3po0neHO TpUBUMIpHY MOJENb CaMOIIOYOro Nuiro3y (puc. 7)
y mporpami SolidWorks. Came >k imitariiiHe MOICTIOBaHHS BHKOHAHO Y il
mporpamuomy Moyt FlowSimulation.

Puc. 7. TpuBuMipHa Mozeb Juist iMiTaliifHOro MoJieroBanHs: 1 — pycno piuku; 2 — BinOip
BOJIM 3 TIPUTOKH; 3 — €KEKTOPHUN HAcoc; 4 — BXif piguHM (Tedis piukn); 5 — BUXIA piAnHU
(Tedist piuxm)

BXigHuMH JaHUMU 7151 MOZCJIIOBAHHS MPUHHSATO MBUIAKICTh T€Uil PiYKH PIBHOIO
3 M/c Ta THCK Y BiOopi BoiM 3 IPUTOKH | at™, poboya piguHa — BoJa.

OxpiM 1BOrO, BapTO 3ayBaKUTH, LIO y MOJENi 3pOOJIEHO JEsKi CIpOIIeHHS,
a came: He ToOyIOBaHO MEPErOpOIKY sl KPIIUIEHHS AeTallel eXeKIiHHOro Hacoca
Ta JOCIIHKSHHS IPOBOIUTHCS Y 3aMKHYTOMY 00’€Mi. AJie 11l CHPOIIECHHS CYTTEBO
HE BIUIMBAIOTh HA OTPUMAaHI pe3yJIbTaTH.

Po3paxyHkoBa cxema HaBelleHa Ha PUCYHKY 8.

Jist 3py4HOCTi BiJIOOpaKEHHS OTPHMAaHWX PE3YJIbTATiB KAPTHHU PO3MOJLTY
FiAPOIMHAMIYHUX IMapaMeTPiB HABEACHO Y MO3I0BXKHBOMY Mepepisi TpyOu Biadopy
BoM i3 putokH (puc. 9-11).
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101325 Pa
/

Puc. 8. Po3paxyHkoBa cxema

85054.34 9617144 49728855 09840565 9952276 100638.86 101756 87 10287407 10389117 105108.28

Hasnerte [Pa]

Puc. 9. Po3nopin Trcky

0.014 0438 0.856 1.276 1607 2118 2530 2960 3.381 2802

CropocTs [ms]

Puc. 10. Po3nozin mBUAKOCTI pyXy piiMHA
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1] B01.84 160367 240551 320735 400818 481102 261288 641470 721654

JAuramueckoe gasnedue [Pa)
Puc. 11. Po3noain TUHAMIYHOTO THCKY

[Tpoanami3zyBaBIIM OTpUMaHI pe3yIbTaTH, BCTAHOBJIEHO, IO 32 BUKOPHUCTAHHS
KOHCTPYKIIT €KEKTOPHOIO HAcoca, 300paXEHOTO HA PHCYHKY 8, € HEMOXKIHBUM
Bi0ip BOJM 13 IPUTOKHU y piuKy. BinOyBaeTbcs 3BOPOTHUE TpoLIeC — PyX PiJUHH 3
pIYKH y IPUTOKY.

JInst yCyHEHHS IbOTO HEIOJNIKY IPONOHYETHCS BUKOPHCTATH KOHCTPYKIIIFO
€XKEKTOPHOTO Hacoca, 300paKEHOT0 Ha PUCYHKY 12.

Puc. 12. KoHCTpyKIIist @KEKTOPHOTO Hacoca

Ha pucynky 13 300paxeHo po3moaisl TUCKY PiIWMHM, HA PUCYHKY 14 — Takox
PO3MOMIN THUCKY, alie 13 3a3HaYCHHSM MapKepaMH BEJIHYMHU THCKY Y JEKUIBKOX
Toukax. Ha pucyHky 15 moka3zaHo po3moi IBUIKOCTI PiAUHU.

Buxonsun i3 pe3ynbTariB MojenroBaHHS (puc. 7), Y €KEKTOPHOMY HAacoci
BiIOYBa€ThCS 3MEHIIEHHS THCKY poOouoi piamau i3 110640 Ila y BXimHOMY
naTpyOKy Hacoca no 101147 Ila y 3o0Hi 3MinryBanHs notokis. Tuck 101147 Ila €
TAaKO’)X HW)KYMM 3a THCK Ha BXOAiI Yy TpyOompoBiA BiZOOpYy BOAM i3 MPHUTOKH
(101315ITa). B mpomy Bumaaky BigOyBaTHMETbCs MiACMOKTYBAaHHS PiAMHU 3a
JIOTIOMOI'0I0 €KEKTOPHOI'0 Hacoca i3 TpyOompoBoay BiAOOpY BOAM 3 IPUTOKH Ta
nepeKadyBaHHA ii y piuKy.
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10072545 101768249 102839.53 103896.57 104953 62 10801066 107067.70 108124.74 109181768 110238.83 1112051

Hasnenue [Pa]

Puc. 13. Posmonin THCKy

111295 87
110334 92
109373.97
108413.03
107452.08
106481.13
10553018
10458924
103608.29
102647 34
101686.39
100725 45

Haenexue [Fa]

0ot 0.448 0.a81 1318 1.751 2187 2622 3.057 34582 3.927 4362 4797

CropocTe [mifs]
Puc. 15. Po3monin MBUAKOCTI pyXy pioiuHA
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[IBunkicTe pyxy Boau y TpyOOmpoBOAiI BiAOOpY BOAM 3 MPHUTOKH TMix dHac
BUKOPHUCTaHHS €XKEKTOPHOTo Hacoca (puc. 12) cknagae 0,07 m/c. Butpata piaunuy,
10 POTIKA€E Yepe3 MOMePEUHUil Iepepi3 1Oro TPYOOIPOBOIY 3a TaKO1 MIBUAKOCTI,
ctaHoBUTH Om3bKko 0,055 M%/c.

Bapto 3ayBaxxuTw, 1o mociimkeHa KOHCTPYKIIiS €XKeKTOPHOTO Hacoca € TUTbKH
OPOTOTHIIOM 1 B TMOAaNbLIOMY MOTpeOye oONTUMi3amii TEOMETPHUYHHX Ta
TiApOIMHAMIYHUX TapaMeTpiB. 3aBISKH ONTUMI3aIli] MOKHA Oy/1e OTpUMaTH OiTbIII
IMBUAKOCTI pyXy BOOW y TpyOompoBoiax BimOOpy i3 NPUTOKH, 3MEHIIUTH
TiIpaBIiYHUI OMip KOHCTPYKIIi €KEKTOPHOTO HACOCa TOLIO.

BucHoBku

3acToCyBaHHS IIUIIO3iB € OJHUM 13 CIOCOOIB i 3amoO0IraHHsS MaBOJKOBUM
po3nuBaM. 3ampONOHOBAaHWNA CAMOMIFOYMAN IUIFO3 OCHIIKEHO 3a JIOTIOMOTOIO
IMITaIiiTHOr 0 MOJIETFOBAHHS Ta BCTAHOBJICHO, IO TTEPIIIa POITOHOBAaHA KOHCTPYKITis
©KEKTOPHOT'0 Hacoca, siIka y HbOMY 3aCTOCOBaHa, € HempauesaaTHoro. [IpoBenene
iMiTarliiiHe MOIETTFOBaHHS IPYTOi MMPOITOHOBAHOI KOHCTPYKITiT €XKEKTOPHOTO Hacoca
JIO3BOJIMIIO TTiATBEPIUTH ii MpaIe3qaTHICTh Ta BU3HAYNATH Y HI PO3MOJIIT THUCKIB i
HIBUIKOCTEH pyxy pinuHu. BecTaHoBiieHo, 110 BUTpaTa piuHM, sKa IPOTIKae Yepes
MOMEepeYHnuii Tepepi3 TpyOompoBOAy JUIs BiAOOPY BOAM i3 TPUTOKH, CKJIajgae
0,055 m%/c 3a mBHaKOCTI Tewii piuku 3 m/c.
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CRITERIA OF THERMOCHEMICAL CONDITIONS
OF STEAM GAS EXPLOSIONS IN DYNAMIC ACCIDENT MODES
AT NUCLEAR POWER UNITS WITH WWER REACTORS

Abstract. The main lessons of the major accident at the Fukushima-Daiichi NPP in
2011 for the nuclear power industry identify the need to model, analyze and develop
emergency measures for relatively unlikely events with catastrophic environmental
consequences, taking into account multiple failures of safety systems. Steam-gas
explosions became one of the main causes of the catastrophic environmental
consequences of the Chernobyl and Fukushima accidents. Criteria and conditions
for the occurrence of steam-gas explosions in dynamic emergency modes in the
"tight" reactor circuit of nuclear power reactor units (NPP) with water-water
reactors (WWER) with failures of safety systems valves and emergency steam gas
removal are determined by the rate of change of thermodynamic and physico-
chemical parameters. A method for determining the criteria and conditions for the
occurrence of steam-gas explosions in dynamic accident modes with a "tight"
reactor circuit and failure of safety valves for modeling the initial emergency events —
seismic effects, falling of massive objects, etc. is presented. The conditions for the
occurrence of hydrogen explosions are determined by the maximum rate of increase
in the temperature of fuel oil shells, and the conditions for steam explosions are
determined by the maximum rate of pressure increase as a result of the
intensification of vaporization processes. The criteria for the occurrence of steam
explosions in dynamic emergency modes are determined by the maximum pressure
amplitude and the propagation speed of acoustic disturbances in the steam volume.
And the criteria for hydrogen detonation in dynamic emergency modes are
determined by the maximum amplitude of the increase in the temperature of the fuel
shells and the average flow rate of the coolant in the active zone of the reactor.
Key words: steam-gas explosion; nuclear power unit
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KPUTEPII TEPMOXIMIYHUX YMOB ITAPOI'A30BUX BUBYXIB
Y JMHAMIYHUX PEZKUMAX ABAPIN
HA AJEPHUX EHEPTI'OBJIOKAX I3 PEAKTOPAMU BBEP

Anomauin. Ocnosni ypoku eenuxoi agapii na AEC Fukushima-Daiichi y 2011 p.
071 A0epHOi eHepeemuKy BUHAYAIOMb HeOOXIOHICMb MOOeNI08AHHA, AHANIZY mda
PO3DOOKU  NpOMUABAPIUHUX 3aX00i8 0/ GIOHOCHO MANOUMOBIDHUX NOOIU 3
Kamacmpo@piyHumu exonr02iyHUMU HACTIOKAMU, 3 YPAXYBAHHAM YUCTEHHUX 8I0MO08
cucmem Oesneku. Ilapocazoei eubyxu cmanu 00HOIO 3 OCHOGHUX HPUYUH
Kamacmpo@iunux exon02iunux Haciiokie Yopuobunscovroi i @yKkycimcokol asapiil.
Kpumepii' i ymosu eunHuxnenns napozazogux 6ubyxieé y OUHAMIYHUX A8aAPIUHUX
pescumax 'y  «WiNbHOMY» PeaKmopHOMY KOHMYpi S0epHUX eHepemuyHux
peaxmopnux 6n0xie (AAEPB) i3 6000-800anumu peaxmopamu (BBEP) 3 ¢iomosamu
cucmem 3anoGidICHUX KIANAHIE | a8apiiiHo2o Napo2azo8uoanieHs 6U3HAYAIOMbCS
wWeUOKicmio ~ 3MIHU — MePMOOUHAMIYHUX 1 Di3uKo-XiMiuHUX — napamempis.
IIpeocmasneno memoo GuU3HAUEHHS Kpumepiig i yMo8 GUHUKHEHHS NAPO2A306UX
8UOYXI68 NPU OUHAMIUHUX PEHCUMAX a8apiil 3i «WINTbHUMY» PeaKmMOPHUM KOHMYPOM
ma 8iomMosamu 3anoOIHCHUX KIANAHIE MOOETO8AHHS BUXIOHUX ABAPILHUX NOOIl —
CelCMIYHI GNAUBU, NAOIHHS MACUBHUX 00 €Kkmie mowo. YMoeu GUHUKHEHHS
600HEBUX BUOYXIE BU3HAUAIOMBCA MAKCUMANLHOW — WEUOKICMIO  30iNbUeHHs
memnepamypu 000JI0OHOK MGeNie, a YMOGU NApOGUX BUDYXIE — MAKCUMATILHOIO
weuokicmio  30ibUlenHsT MUCKy 6 pesyibmami IHmeHcugikayii npoyecie
napoymeopenns. Kpumepii éunuxnenns napogux eubyxie y OUHaMiuHuXx aéapiuHux
pedicumax  GU3HAUAIOMbC  SPAHUYHOI0  AMANIMYO00I0 MUCKY Ma WEUOKICMIO
PO3NOBCIOONCEHHS AKYCMUYHUX 00ypeHb y naposomy 00 emi. A kpumepii 600He80T
OdemoHayii y OUHAMIYHUX ABAPIUHUX DPeNCUMAX BUSHAUAIOMBCA  2PAHUYHOIO
amnaimyoor 30inbueHHs meMnepamypu 000IOHOK meenie ma CepeoHboio
WeUOKICMI0 meyii MmenjioHOCIst 8 AKMUGHIL 30HI peakmopa.
Knrouosi cnosa: napozazosuti 6ubyx; s0epHuil eHepeod.ioK

DOI: https://doi.org/10.32347/2411-4049.2022.4.128-134

Beryn

[MuTaHHsIM MOJICITIOBaHHS aBapiii 1 aHai3y OC3IMEKH SIECPHUX EHEProyCTaHOBOK
(AIEY) mpucssiueno 6araro mociimkeHs [1—11 ta in.]. OqHak TUTaHHS BU3HAYEHHS
KpUTEpiiB 1 yMOB BHHHUKHEHHS Hapora3oBUX BHOYXIB MiJ 4Yac aBapiii BHBYEHi
HEJIOCTATHbHO.

PyiiniBHI mapora3osi BUOYXH CTaIM OJHOIO 3 OCHOBHUX NIPHYMH KaTacTpo(iyHIX
eKoJioriuHuX HaciiakiB YopHoOuibebkoi 1 DykyciMebkoi aBapiii [ 1, 2].

[Tpu BukonanHi ananizy 6e3neku SIEPB i3 BBEP 3a3Buuaii Moenror0Thes yMOBU
naporazoBux BUOYXIB JIsl BIIHOCHO «TIOBIJIBHOY MPOTIKAIOUMX aBapiiHUX MPOIIECIB,
BUXOJSYH 3 HACTYITHUX NPUYNH:

1. Ampiopi moKJIamaeThes YCHINIHE crparnboByBaHHS cucteM Oesmeku (Ch), ski
00MEXYIOTh THUCK y PEaKTOPHIM yCTAHOBII — 3aIlo0iXHi KJIalaHHu, MapoCKUIATbHI
npuctpoi, Cb moaadi oxonomxenHs Ta iH. OnHak ypoku aBapii Ha AEC «Dykycima-1»
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BM3HAYAIOTh HEOOXIAHICTh MOJENIOBAaHHS aBapiiHUX TMPOIECIB 3 ypaxyBaHHSIM
yrciaeHHux BiiMoB CB. Jlo Toro  BiIMOBHU 3amOODKHUX KJIAllaHiB PeakTopa CTalld
OJIHI€IO 3 TOJOBHUX MPUYMH BaXKKOI 3ampoeKTHOI sinepHoi aBapii Ha AEC TMI-2 B
CHIA, y 1979 p., Ta aBapiiiHoro iHnuaeHTy Ha PiBHeHchKit AEC B Ykpaini, y 2009 p.

2. IlutanHs BU3HAYCHHS KPUTEPIiB i yMOB BUHUKHEHHS [TapOra30BUX BUOYXIB y
JUHAMIYHUX/ (IIBUAKOIUIMHHUX» aBapidiHUX pekHMax 31 «IIiJIbHUMY PEaKTOPHUM
KOHTYPOM 3 BiZIMOBaMH 3amoODKHUX KIAMaHIB TOKH IO HE pPO3TIIIAINCS.
TepmoximigHi KpuTepii i YMOBH BUHHUKHEHHS TAPOTa30BUX BUOYXIB y AMHAMIYHHAX
aBapifHUX PEKUMAaX BU3HAYAIOTHCS MIBUIKICTIO 3MiHM TEPMOAMHAMIYHUX 1 (hi3UKO-
XIMIYHHX TapaMeTpiB.

Jo aBapiif 31 «IIITPHAMY PEAKTOPHUM KOHTYPOM BiTHOCATHCS: €KCTPEMalbHi
BUXIJIHI TMOAii — 3eMJIEeTPYCH, 3aTOIUICHHS, TOPHAAO0, YparaHu, MaJiHHS BEIHKHX
00’€KTiB Ta iH.; peaKTUBHICHI aBapii i BiIMOBH aBapiiHOTO 3aXUCTY peaKTopa; Tedi
1 PO3pHBH MapOBUX Ta YXUBHIBHUX TpyOompoBofiB 2-ro koHTYpy SEPB i3 BBEP;
BiJIMOBH TOJIOBHHX IUPKYIISAIIHHUX HACOCIB TOIIIO.

Tpanuiuiiino B sAepHIN eHepreTHIill aHaji3 Oe3MeKH MPOBOJUTHCS Ha OCHOBI
WMOBIPHICHOTO 1 NETEPMiHICTUIHOTO MOJICITIOBAHHS BUXIMTHUX aBapiiHUX MO
(Tedi peakTOPHOTO KOHTYpY, IIOBHa TpWBaja BTpaTa eJeKTpo3abe3rneueHHs
€HEepPro0JIOKiB, PO3PUBH MMAPOIIPOBOIIB, BIIMOBH CHCTEM, BOKIMBHUX JJIs OC3ICKH,
TMOACKKUN (BakTop (KPUTHUYHI TTOMIJIKOBI HEaJeKBaTHi [Iii mepcoHaly), celcMiuHi
BIUTMBHM, WAJiHHA MAacHBHHX OO’€KTIB — IIiTakiB, METEOPHUTIB, 3aTOILICHHS
npomucioBux mainanurkis AEC, cMmepui, yparanu, mimani 0ypi i inme) [3—11].

VY naniii poOOTi 3ampONOHOBAaHO METOJ| BHU3HAYCHHS KpHUTEPiiB 1 yMOB
BUHUKHEHHS [1aPOTa30BUX BUOYXIB MPH IMHAMIYHHAX PEKUMAaX aBapiil 31 «IIiTbHIM»
pEaKkTOPHUM KOHTYPOM Ta BiJIMOBaMU 3aN001KHUX KIIAIIaHiB.

Kpurepii i yMoBH naporazoBux BUOYXiB IIPH aBapisix i3 «IIITBHUMY» PEaKTOPHUM
KOHTYPOM.

OCHOBHI TIOJIO’KEHHS 1 JIOMYIIEHHS.

1. YMOBH BUHHMKHEHHS Mapora3oBUX BHOYXIB MOJETIOIOTHCS Ul JHHAMIYHUX
aBapiHUX PEKHUMIB Y KIIUTHBHOMY» PEAKTOPHOMY KOHTYPI 3 BiIMOBaMH 3311001 KHUX
KJIaIlaHiB KOMIIEHCATOpa THCKY 1 CUCTEM aBapiiHOro mapora3oBHIaICHHS.

2. Kpurepiii BopHeBOoro BHOYXY BH3HAYA€THCS MAaKCHUMaJIbHOIO HIBHIKICTIO
3MIHH TEMIEpaTypH 000JIOHOK TBEJIIB 1 reHepallii BOJHIO BHACIIOK TEPMOXIMIYHOT
MapoOIUPKOHIEBO peakiii, a KpUTepid MapoBOoro BUOYXy — MaKCHMAIIbHOIO
LIBUIKICTIO  30UIBIIEHHS  THCKY  BHAcHiloK  iHTeHcU]ikamii  mporuecis
MapOyTBOPEHHSI.

3. PeakTopHMII KOHTYp 1 MaporeHEepaTOpd MOMACIIOIOTECS SIK CHCTEMHU 3
OCEpEeIHEHUMH 0 00’ €Max TEIUIOTiAPOIUHAMIYHIMH MTapaMeTPaMH.

4. KoHcepBaTHBHO IMOKJIAIAE€ThCS JOCTATHS JJIsi BOJHEBOI JETOHAILl KiIBbKICTh
PO3YHMHEHOTO TIOBITPS.

3 ypaxyBaHHSAM MNPUHHATHX JONYIIEHb PIBHAHHS TEIJIOT1IPOJANHAMIKA B
peakTopHOMY KOHTYpi i maporeneparopax SIEY i3 BBEP [3-6]:

Op Sop

89
Ry =—+—+— (1)

he kg Aoy

1e OF, Og, Oop — TOBIIMHA MAIMBHOI MaTPHIi, Ta30BOT0 3a30PY 1 0O0JIOHKH TBENA;
AF, Ag, Aob — KOEQIIIEHT TETUIONPOBIIHOCTI MAJTHBHOI MaTPHIIi, Ta30BOTO 3a30py 1
000JIOHKH TBEIA.
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YMoBM BOIHEBOI 1eTOHALIT Y BITHOCHO «MOBLIbHUX) aBapiliHUX Mpo1ecax:
TOb 2TObm; CH 2 CHm' (2)

ne Cu, Cuym — TOTOYHA 1 TpPaHWYHO JOMycTUMa Uil BHOYX00E3MEeYHOCTI
KOHIICHTpAITis BOIHIO.
Cum y 3arajxpHOMY BWITAIKy 3aJ€KWTh BiJ KOHIICHTpaIii KHUCHIO (KaTaii3aTtop
BOJIHEBOI AeToHaIl) i mapoBmicty [1, 2].

YMoBM napora3oBux BUOYXiB y IMHAMIYHMX aBApiiHUX pesKkuMax:

dP,
ditR > (Prm —Prolay (Pr)/Hyg , 3
dP,

dtg 2 (Pgm - Pgo)av (Pg )/HVg , (4)
dT

dsb 2 (TObm _TObo)VT /Ha’ (5)

ne Pro, Pgo — mouarkoBwii THck y RC i SG; Prm, Pgm — Tpann4HO nommycTUMHUIA THCK
y RC i SG; ay — mBuAKicTh 3ByKy B MapoBOMY 00’€Mi; — TpaHMYHO JIOMyCTUMA i
MOYaTKoOBa TemIieparypa o0oioHOK TBemiB; Hvr, Hvy — ekBiBameHTHHIA po3mip
apoBOro 00’eMy B peakTopi i maporeHepaTopi; VT — CepeIHs MBUAKICTh TCILIOHOCIS
B aKTHBHIl 30Hi peakTopa; H, — BUCOTa aKTUBHOI 30HU.

BpaxoBytoun piBusaHs (1)—(5), y 3araipHOMy BHINAJKy YMOBH IMapOra3oBHX
BUOYyXiB y «wminbHOMYy» RC 1 SG:

fr (t1) 2 (Prm —ProVar(ty), (6)

fg (t;) = (Pgm - Pgo)vag (t2) , @)
foo (t3) = (Tobm —Tone VH(Toom), (8)
Toblfon (t)]= Toom:  Ci(ts) = Chy. ©)

MoMeHT MOKJIMBOTO HACTaHHS IIApOTa30BOTO BUOYXY B IIPOIIECi MO3aIIPOSKTHOT
aBapii 31 «UIUTLBHUM)» PEaKTOPHUM KOHTYPOM 1 MapoTreHepaTopoM:

BucnoBku

1. OcHoBHi ypoku Benukoi aBapii Ha AEC “Fukushima-1” 'y 2011 p. mis simepHoi
CHEPreTHUKH BHM3HAYalOTh HEOOXINHICTH MOJENIOBAaHHs, aHai3y Ta PO3pPOOKH
MPOTHABAPIMHUX 3aXOJiB AJIS1 BIJHOCHO MAJIOMMOBIpHHX MOJiH, aje SKi MaloTh
KaracTpo(iyHi eKOJOTiuHI HACTIJIKH, 3 ypaxyBaHHSIM YHCICHHUX BIiJIMOB CHCTEM
Oe3neku.

2. Kpurepii i ymMOBM BHMHUKHEHHS Napora3oBUX BHOYXIB y JIWHAMIYHHX
aBapiiHUX pEKHMax y  «IIUIBHOMY» pPEaKTOPHOMY KOHTYpPI  SIICPHHUX
eHeproycranoBok i3 BBEP Ta 3 BimMoBamMm cHcTeM 3amoODKHUX KIIAlmaHiB 1
aBapiiHOTO napora3zoBUAaJICHHS BU3HAYAIOTHCS MIBUIKICTIO 3MiHU
TEPMOIMHAMIYHUX 1 (i3UKO-XIMIYHHX MapaMeTpiB.
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3. IlpencraBineHo nETEpMIHICTCHKAN METOJA BH3HAYEHHS KPHUTEPIiiB 1 yMOB
maporazoBux BHOYXiB y JOUHAMIYHMUX aBapiiHUX peXHUMax Y «UIUTBHOMY»
pEaKTOPHOMY KOHTYpI 3 BiJIMOBaMH 3amoOiKHMX KJIalaHiB Ta CUCTEM aBapiiiHOTO
Mapora3oBHJANICHHS. YMOBH BWHHKHEHHS BOJHEBUX BHOYXIB BH3HAYAIOThCS
MaKCHMaJIbHOIO IBHIKICTIO 301IBIIICHHS TEMIIEpaTypu OOOJIOHOK TBEJIiB, & YMOBH
MapoBUX BHOYXiB — MaKCUMAaJIbHOK) INBHJKICTIO 30UTBIICHHS THUCKY BHACIIiJOK
iHTeHcu(ikarii mpoueciB mapoOyTBOPEHHS.

4. Kputepii BUHHKHEHHS TapOBHUX BHOYXiB Y IWHAMIYHUX aBapiiHUX peXAMax
BHU3HAYAIOTHCS TPAHUYHOK aMILTITYAOK0 THUCKY Ta IIBUIKICTIO PO3MOBCIOIKECHHS
aKyCTHYHUX O0OypeHb y mapoBoMy o00’emi. Kpurepii BogHeBOi nmeToHariii y
OUHAMIYHUX aBapifHUX peXHMax BH3HAYAIOTHCS TPAHUYHOIO aMILTITYIOI0
301JIBIICHHST TEMIIEpaTypy OOOJOHOK TBENIB Ta CEPEIHBOIO IIBUIKICTIO Teil
TEIJIOHOCIS B aKTUBHIN 30HI peakTopa.
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Abstract. Among the protected territories of the Ukrainian Carpathians, the nature
reserve "Gorgany" in the lvano-Frankivsk region is an example of a rich diversity
of natural conditions and natural resources. The reserve has an area of
5,344 hectares and was organized in 1996 in Prydovbushansky Gorgany. There are
3 legacy zones and 10 components of environmental audit: lithosphere (geological
environment), geophysisphere (physical fields), geomorphosphere (relief),
hydrosphere, atmosphere, pedosphere, phytosphere, zoosphere, sociosphere and
technosphere. The latter "presses™ on the previous 9, creating the ecological
situation of the territory. The basis of research is natural-anthropogenic geosystem.
Research materials are obtained according to the algorithm, starting with field
research with sampling, their analysis for toxic elements and substances, building
databases of environmental information, and ending with the compilation of
elemental and component-by-element ecological-technogeochemical computer
maps and a general ecological map safety. It is proposed to organize a geo-
informational model for the protection of the safety of the nature reserve "Gorgany"'.
Keywords: nature reserve; natural resources; natural conditions; geocomponents;
geoinformation system
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IMPUPOIHOI'O 3ATIOBIJHUKA «[OPTAHU»
B YKPATHCBKHX KAPITATAX

Anomauin. Ceped 3anogionux mepumopii Yxpaincoxux Kapnam npupoonuil
3anosionux «lopranuy 6 leano-Dpanxiscokiii obracmi € npukIadom 6azamozo
Ppi3HOMAIMmA NpUpoOOHUX YMO8 ma NpupoOHUX pecypcis. 3anosionux mMae niowy
5344 2a, opzanizosanuii y 1996 p. 6 Ipudosbyuwancorux Topranax. Budinsiomuvcs
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Beryn

3a KiIbKICTIO 00’€KTIB MpUpOAHO-3amoBinHOro (oHmy KapnaTcekuili perioH €
JiAepoM cepesl iHImX perionis Vkpainu [8, 9]. [Tpupoanuii 3an0BiaHuK «I opranm»
[13® posramosanwmii y [IpunoBoymancekux ['opranax [Bano-®@pankiBchKkoi 00acTi

(puc. 1-3) [5].

MACLUTAB 1:1 200000
o1 contierp: 12 doowerpie
0 )

7 TPHPOLHI SATIOBIAHHKH
@B 1 lopram
25 HALIOHA/bHI MPHPOLHI NAPKY
<82
B 3 ruyreusna 7 Tigponoriunl

23 Bonoto Bicsve
24 Bonoto Mucox

- “"'v' B SAKASHHKH
27719V . 25 Bonoto Muwawa
| pownsri wadTHi
Pownsrie Nana .
. 26 50n010 LLiupKoBeus
5 poca

6 Kosaxoea powa 'V Feonorini
o 27 Crapyss
@ Ticosi
7 Bpepyneuskit TAPKH-MAMATKH
o¥ooue Cor Mawecso @ GAAOZOTAPKOBOTO
<> Boramluni 28 Mapx MapTH3aHCHKOI Crask
9 Knmacokmi O JEHZPO) HI IAPKY
10 Kimxapiposei :
N - 29 Bcokoriphii
" ;mnufofxacuw W—
12 koo e
<> Optivonoriuni
13 Moxepatynsceiit
> TigponorisHi

14 Typosa aava

YMOBHI NO3HAYERHS TAMATKA NPHPOLM
HACENEHI TYHKTA ALINAXH CROMMEHHR v K i
IBAHO- - o ER—— g
PAHKIBCHK Usanofact, s caory aowns 15 Kacosa ropa
COPAOHH TAMEX 16 Creni flosbywa
tnampnioix s oy 17 Yoouue Bepxve Oaepuie
KONOWR st 7 Boraniuni
T VTR SR TR AR ¥poriue Mgk
18 Yooune Ocih
Pamri ez o 20 Ypoumue Coxin

21 Yposmue Taphmu

22 opTosa ropa

Puc. 1. O6’extn npupoano-3anoBigHoro ¢pouny IBano-Opankiscekoi oonacti (I13D)

Puc. 2. Anminictparusauii kopmyc 131" y M. Haxgipna o By:n. Komaposa, 7
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2. foebywanka
Mt. Dovbushanka

Puc. 3. I'eorpadiune posramryBanus [13I°

Tepuropis 3anoBinHuka cTaHOBUTH 5344.2 ra [5, 8]. 3acHoBanuii 1996 poky.
CrBopeHHil 1l 30€peXEHHs PENiKTOBOI KEAPOBOi COCHHU eBpormeichkoi (Pinus
cembra). TepuTopis 3amoBiaHKKa Ma€ TUIOBI 115 paiiony [opran reomopdonoriuny
OyIlOBY, CTPYKTYpY POCIMHHOTO HOKPHBY i TBapUHHOTO CBITY, TOMY 3aIlOBIJHHK
CTaHOBHUTH BEJHMKY MLIHHICTh JUIs 30€peKCHHSA, BIATBOPEHHS 1 BHBYEHHS
Oiopi3HOMaHITTs pailony Ta YkpaiHcbkux Kapmart 3aragom. Y 2005 pori fiomy Oyio
Ha/IaHO CTATYC «Jep>KaBHUM 3aI1OBiTHUK.

3 13 munas 2017 poky AiNsHKA 3aroBiTHUKA «ropraHI/I» miomniero 753,48 ra
Bx0/uTh y cBiToBy cnaaumdy FOHECKO sik oquH 3 MacuBiB OyKOBUX MpaiciB
Kapmar ta iHmmx perionis €Bporu.

V¥ 1940 poui Paga Hapoguux Komicapis YPCP xotina opranizyBaTy 3al0BiAHUK
y Topranax, miomero 50 Tuc. ra, oJHaK mpboMy nepenikouna Jlpyra cBitoBa BiliHa.
A B 50-70-x pokax Ha Tepuropii HaiBipHSIHCEKOTO JTICOKOMOIHATY OYyJIO CTBOPEHO
JIeKiJIbKa 3aKa3HUKIB (HampHKiIal, 3akasHuK Caiku) i mam'siTOK MPUPOIH, 3aBISKH
oMy B paiioni J[oBOymancekux [opran 36eperiocst 6arato yHiKaIbHUX TPUPOHUX
komruiekcis. V 1974 poui Tyt Oys10 opranizoBano [opranchKe 3aroBijiHe JIiCHUIITBO.
Toxi Ha Micli IIOT'O JIICHHUIITBA XOTLIM CTBOPUTH 3alOBITHKK. AJte yiuiire 12 BepecHs
1996 poky 3rigno 3 Ykasom llpesunenta Ykpainu Oyiio opraHi3oBaHoO MPUPOIHHI
zanosigauk «lopraam» (puc. 4).

Metoauka Ta MaTepiaJan J0CTiIKeHb

ABTOpPH BUKOPHCTOBYIOTh METOIHMKY CKOJIOTIYHOTO aymuty [1], ska moisrae y
BU3HAYEHHI Cy4acHOI eKOJIOT14HOI CHTYalii Ha TePUTOPil JOCTIHKEHb Ta Cy4aCHOTO
CTaHy reoKoMIoHeHTiB. OcHOBOO pociimxens € [IAT'C (mpupoaHo-aHTpONIOreHHa
reocuctema) (puc. 5) [3].
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https://uk.wikipedia.org/wiki/1940
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https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B4%D0%B2%D1%96%D1%80%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%A1%D0%B0%D0%B4%D0%BA%D0%B8_(%D0%B7%D0%B0%D0%BA%D0%B0%D0%B7%D0%BD%D0%B8%D0%BA)
https://uk.wikipedia.org/wiki/1974

Puc. 4. Kapra npupoaroro 3anosigauka «[ opranm»

s
Don oC@ pa

Puc. 5. Crpykrypa ITAT'C (Axamenko O.M., Pynsxko I'.I., 1998)
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Marepiann  TOCHIKEHh OTPUMYEMO 3TiIHO 3 alropuTMOM (puc. 6),
MOYMHAIOYH 3 MOJIBOBUX JOCTIIKEHb 3 BiZOOpOM Mpo0, iX aHami3y Ha TOKCHYHI
€IeMEHTH Ta pEeYOBHUHHU, NOOyJoBH 0a3 JnaHUX ekojoriunoi iHdopmamii i
3aBEpUIYIOYM CKJIQJaHHSIM IIOCIEMEHTHHX Ta IIOKOMIIOHEHTHUX €KOJIOTO-
TEXHOTE€OXIMIYHAX KOMIT'FOTEPHUX KapT Ta 3arajJbHOI KapTH €KOJIOTI9HO1 Oe3MeKn

(puc. 7).

NOBEPXHEBUX | rPYHTOBMX AOHHUX  |aTtmocdepHoro onapis pocnuHHoCTi
Biaknaais nositps Aouy i cHiry

ATOMHoancopGumm peH'rreHod)moopecueHTm
Ta Xxpomarorpadi igibpaHmMx npoo6

PekomMmeHAaauii 3 ynpaBniHHA cTaHOM AOBKINNsA ans
faraTouinbLoBOI NPUPOAOCOXOPOHHOI AiANLHOCTI

Puc. 6. ATropuT™ HOJIHOBUX EKCHEIUIIIHUX TOCITIIKECHD
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ExoJioriudi KOMnoHeHTH HpPIpOIlHO-aHTPOHOFeHHOI reocCucTeMu

Jlimocepepa (2eonoziune cepedosuuie)

[pupoanuii 3amoBimHMK «lOpraHw» pPO3TAIIOBAHMN B MiBICHHO-3aXiaHii
vactuni [Bano-®panKiBckKoi 06nacti y paitoni JloBOymancekux [opran — HaWOiIbII
HEJIOCTYIHOI BUCOKOTIpHOI KaM'ssHICTOl yacTuHH Y Kpaincekux Kapnar. 'eonoriuna
OynoBa BiamoBigae cknOoBiii 30H1 Kapnar Ta cknamaeTses 3 kpeimoBoi Ctpuiichbkoi
ceitn [7]. Ha Hill 3amiIraioTe MajeoreHOBI KPOCHEHCHKA IiI[aHa-aJIeBPOIITO-
apreJiToBa, MiHiIITOBa, rpybominiana SIMHeHChKa Ta iHIII cBiTH (pHC. §).

NANEOIEHOBA CUCTEMA
PALEOGENE SYSTEM

OniroueH Olygocene

[' ] CepeaHbOMeHINiToRa niacsiTa
Mid-menilyth subsuite

——] HwkHHbOMeHiINiTOBa niacsiTa

L— Low-menilyth subsuite

EoueH Eocene

I: SMHeHcbKa cBiTa
Yamna suite

= Buriaceka ceita
Vyhoda suite

MaHnABcbKa CBiTa
Manyava suite

&=
bucTtpuubka csita
=]

Bystrytsya suite

Puc. 8. I'eonoriuna O6ynosa

T'eoghizcpepa (izuuni nons)

JocnimpkenHsiMu rpaitamiiiHoro nons y peaykuii byre macmrady 1:200 000
BHSIBIIEHA aHOMAJTist 10 2 Miiran 6e3nocepennbo mig 113 «opranmy, siKa BiAnosigae
MO3UTUBHIN CTPYKTYypi — aHTHUKIIHANBHIA ckimaami-mycui (puc. 9). Taki x
AHTUKJIIHAJbHI CTPYKTYpH € mix bpaTkiBcbkuM xpeOToM 1 Ha TWiBHIY BiX
ripceKommkHOro Kypopty bykosens. Ha miBaeHs Big HpOTO € riuboka aHOMaTis 10
6 mimiran, oo Biamosinae YopHoTHcelbKiH nenpecii [4, 2].
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Marnitoe none (puc. 10) crokiiiHe, 3 aHOMaJbHUMH 3HadeHHsAMH 160—
240 HaHoTeCH, SKI MiKPECIIOITH KapIaTChKUH HAPSIMOK PETiOHAIEHUX CTPYKTYP.

Puc. 9. AHOMAaNBHI TpaBiTaiitHi Mo

Puc. 10. AHoMaibHI MarditTHi mosst
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T'eomopdgpocepepa (penvegh)
JIOBOYIIaHCHKUM MacuB — OJMH i3 TPhOX OCHOBHHMX MacuBiB [opran. Moro

BEPIIMHU Ta BEPXHI YACTHHU CXWIIB BKPUTI KaM'SHUCTUMH PO3CUTIAMH — KypyMaMH.
Hus  JloBOyIIaHCHKOTO MacWBY XapaKTepHI BHIOBXKEHI XpeOTH 3 TOCTpUMH
BEepIIMHAMU ¥ CTPIMKO CHAJHWMH TMiBHIYHO-CXITHUMH Ta OLIBII ITOJIOTUMH
MiBJCHHO-3aXiqHUMHU cXxuiaMu. Haibiumi Bepuman — JloBOymanka (1754 m) Ta
Beamesxuk (1736 m) (puc. 11) [7, 5].

Puc. 11. I'opa JloBOymranka — HaiiBuia Bepiusa (1754 m)

Camy Ha3By xpeOTa NOSCHIOIOTH JBOSKO. BiacHe ropraHamu Ha3WBaIOTh
KaMiHHS, MacHBHI OpHJIH, SIKI PyXalO4HCh, 3CYBAIOUHCh CXMJIAMU «IOPIOYYTbHY,
TOOTO CKpErouyTh, CTBOPIOIOTH INIyXi 3BYKH. TakoX i3 pyMyHCBKOT «gorgan» — 1e
Kypras (puc. 12).

Puc. 12. Kam’sti notoku-kypymu y Iopranax
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T'iopocghepa

Y II3I' OepyTth cBili mouaTok Taki Tipcbki moroku: Yepuuk, CiTHHH,
Ioxypmxunens, 3yOpiBka, IlikyH, siki € TpaBUMH TOpuTOKaMu p. buctpumi
Hangipasacekoi (puc. 13) [7].

Puc. 13. Ymennna ripcbkoi piukn YepHuk

Ammocgpepa ma knimam

CepennbopiuHa Temmeparypa Big +5 g0 0°C. PiuHa KiIbKiCTh OB CTAHOBUTH
Bix 900 mo 1400 mMm. CHiroBwii MOKPUB CTIHKHH i3 CEPETHBOIO MOTYKHICTIO 40 cM
[3, 2].

Ileoocgpepa

[pYHTOBHI TIOKPUB CKJIAAETHCS TIEPEBAKHO 3 JIICOBUX OYPO3EMHUX, JIE€PHOBO-
OypO3eMHHX IPYHTIB Ta IipchKO-Iy4HHX Oypo3emis [3].

Dimocgepa

CBoepimHiCTh 1 PI3HOMaHITHICTE  (i3uKO-TeorpadiyHUX YMOB  CIPHSIH
(bopMyBaHHIO 0araToro BUIOBOTO CKJIAJy POCIWH, Cepell SKUX 3HauyHa YacTHHA
PIAKICHUX, PETIKTOBUX Ta eHaeMidHuX BuaiB. Jlicu 3aiimaroTe 84% rtutomi. Bonu
YTBOPIOKOTH TIPCHKUI  JIICOBUI MOsic  OYKOBO-sUIMIEBO-CMepeKoBUX  (27%),
CMEPEKOBO-sUTUIIEBO-0YKOBHX (3,3%) Ta uncTux cmepexoBux (44,5%) micis [5, 3].

Ha teputopii 3anoBizHuka pocte 402 BUAM BUIIMX CYIUHHHMX POCIHH, SKI
HaJekaTh 10 S5 Bimauiis, 75 poauH, 236 poxiB. 3HaYHAa 4acTHHA BHUIIB PIIKICHI,
€HJIeMiuHi i PeTiKTOBI, HAPUKIA] KeJIp €BPONEHCHKHiA (puc. 14).

Oco6muBy rpymy (20 Buzi, abo 5%) CTaHOBISATH BUAH, 3aHECEeHI 10 YepBOoHOI
KHUTH YKpaiHu.
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https://uk.wikipedia.org/wiki/%D0%A7%D0%B5%D1%80%D0%BD%D0%B8%D0%BA_(%D1%80%D1%96%D1%87%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%91%D0%B8%D1%81%D1%82%D1%80%D0%B8%D1%86%D1%8F_%D0%9D%D0%B0%D0%B4%D0%B2%D1%96%D1%80%D0%BD%D1%8F%D0%BD%D1%81%D1%8C%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%91%D0%B8%D1%81%D1%82%D1%80%D0%B8%D1%86%D1%8F_%D0%9D%D0%B0%D0%B4%D0%B2%D1%96%D1%80%D0%BD%D1%8F%D0%BD%D1%81%D1%8C%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%A7%D0%B5%D1%80%D0%BD%D0%B8%D0%BA_(%D1%80%D1%96%D1%87%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%9E%D0%BF%D0%B0%D0%B4%D0%B8
https://uk.wikipedia.org/wiki/%D0%A1%D0%BD%D1%96%D0%B3
https://uk.wikipedia.org/wiki/%D2%90%D1%80%D1%83%D0%BD%D1%82
https://uk.wikipedia.org/wiki/%D0%A0%D0%BE%D1%81%D0%BB%D0%B8%D0%BD%D0%B8
https://uk.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BB%D1%96%D0%BA%D1%82
https://uk.wikipedia.org/wiki/%D0%95%D0%BD%D0%B4%D0%B5%D0%BC%D1%96%D0%BA
https://uk.wikipedia.org/wiki/%D0%92%D0%B8%D0%B4
https://uk.wikipedia.org/wiki/%D0%9B%D1%96%D1%81
https://uk.wikipedia.org/wiki/%D0%A1%D1%83%D0%B4%D0%B8%D0%BD%D0%BD%D1%96_%D1%80%D0%BE%D1%81%D0%BB%D0%B8%D0%BD%D0%B8
https://uk.wikipedia.org/wiki/%D0%A7%D0%B5%D1%80%D0%B2%D0%BE%D0%BD%D0%B0_%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D0%B8
https://uk.wikipedia.org/wiki/%D0%A7%D0%B5%D1%80%D0%B2%D0%BE%D0%BD%D0%B0_%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D0%B8
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Puc. 14. Kenp eBponeiicbkuit

3oocghepa

VY 3anoBigHUKY XKHUBYTh peacTaBHUKH ToHa] 1000 BuaiB 6e3XxpeOeTHUX TBAPHH.
Cepen HUX HAWYMCIICHHIIIOI TPYNOI0 € KoMaxu. Y QayHi XpeOeTHHX TBapHH
3aMoBiHUKA HamiuyeTbcs 149 BuiB, ski Hajiexarh 10 6 KiaciB. Ixtiodayna
npeacrasiena 12 sumamu pub [3, 8, 10, 5].

I'epnieTodayna 3amoBigHuka OigHa — Bchoro 6 BuaiB. PayHa NTaxiB Haidye
135 Buis.

dayHa ccaBiliB npejacraBicHa 45 BujaMu. 3BUYHUMHU B 3allOBIJIHUKY € OJICHb
OnaropoJHUi, KO3y, KabaH TUKUi, 3a€b-pycak, BUBIpKa 3BHUaiiHa. Melkae TyT
18 BuiB APIOHMUX CCABIIIB — MUIIONOJIOHUX IPU3YHIB. 3 XMKaKiB BOAATHCS BEIMih
Oypuii, puchb 3BHYaiiHA, JMCHUIL, BHApAa PIYKOBA, HOPKA €BPOIEHCHKA, TXIp
3BUYANHUM, JIBa BUIN KyHHIIb, 3pijiKa 3aX0IATh BOBKH.

3 ¢aynn 20 BuAiB € pigKicHUMH Ta 3aHeceH] 10 YepBoHOT KHUTH YKpaiHu.

Couiocghepa

Leit reokoMnoHEHT xapakTepusye nemorpadiunmii cran Ttepuropii I13T,
3MI0POB'ST  HACEJICHHS 3aJeKHO BiJl MPUPOJHUX YMOB Ta TEXHOTEHHOTO
HaBaHTaXKEHHs, podeciiini 3axBopioBaHHs Ta iH. [6, 2, 9, 1].

Texnocghepa

HaiiGinpin  mKiIMBUMH ~ JUIS ~ [PUPOJHO-aHTPOIOICHHOI ~ CHUCTEMU €
HEKOHTPOJILOBaHI PyOKH JIICY, a TAKOXK T'OCIOJAapChKa MisUIbHICTh 3 TBAPUHHHUIITBA
(puc. 15).

3a ocTaHHI POKH IIBUAKO PO3MOBCIOKYIOTHCS 3aKJIaal 03J0POBYOTO HAIPSIMY,
BiJIIOYMHKOBI 023, CIOPTUBHI KOMIUIEKCH Ta iH.
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https://uk.wikipedia.org/wiki/%D0%92%D0%B8%D0%B4_(%D0%B1%D1%96%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%8F)
https://uk.wikipedia.org/wiki/%D0%91%D0%B5%D0%B7%D1%85%D1%80%D0%B5%D0%B1%D0%B5%D1%82%D0%BD%D1%96
https://uk.wikipedia.org/wiki/%D0%A2%D0%B2%D0%B0%D1%80%D0%B8%D0%BD%D0%B8
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%B0%D1%85%D0%B8
https://uk.wikipedia.org/wiki/%D0%A4%D0%B0%D1%83%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%A5%D1%80%D0%B5%D0%B1%D0%B5%D1%82%D0%BD%D1%96
https://uk.wikipedia.org/wiki/%D0%86%D1%85%D1%82%D1%96%D0%BE%D1%84%D0%B0%D1%83%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%A0%D0%B8%D0%B1%D0%B8
https://uk.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%B7%D1%83%D0%BD%D0%B8
https://uk.wikipedia.org/wiki/%D0%9F%D1%82%D0%B0%D1%85%D0%B8
https://uk.wikipedia.org/wiki/%D0%9E%D0%BB%D0%B5%D0%BD%D1%8C_%D0%B1%D0%BB%D0%B0%D0%B3%D0%BE%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9
https://uk.wikipedia.org/wiki/%D0%9E%D0%BB%D0%B5%D0%BD%D1%8C_%D0%B1%D0%BB%D0%B0%D0%B3%D0%BE%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9
https://uk.wikipedia.org/wiki/%D0%A1%D0%B0%D1%80%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B8%D0%BD%D1%8F_%D0%B4%D0%B8%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D1%94%D1%86%D1%8C_%D1%81%D1%96%D1%80%D0%B8%D0%B9
https://uk.wikipedia.org/wiki/%D0%92%D0%B8%D0%B2%D1%96%D1%80%D0%BA%D0%B0_%D0%B7%D0%B2%D0%B8%D1%87%D0%B0%D0%B9%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%A1%D1%81%D0%B0%D0%B2%D1%86%D1%96
https://uk.wikipedia.org/wiki/%D0%92%D0%B5%D0%B4%D0%BC%D1%96%D0%B4%D1%8C_%D0%B1%D1%83%D1%80%D0%B8%D0%B9
https://uk.wikipedia.org/wiki/%D0%92%D0%B5%D0%B4%D0%BC%D1%96%D0%B4%D1%8C_%D0%B1%D1%83%D1%80%D0%B8%D0%B9
https://uk.wikipedia.org/wiki/%D0%A0%D0%B8%D1%81%D1%8C_%D0%B7%D0%B2%D0%B8%D1%87%D0%B0%D0%B9%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%9B%D0%B8%D1%81%D0%B8%D1%86%D1%8F
https://uk.wikipedia.org/wiki/%D0%A0%D1%96%D1%87%D0%BA%D0%BE%D0%B2%D0%B0_%D0%B2%D0%B8%D0%B4%D1%80%D0%B0
https://uk.wikipedia.org/wiki/%D0%9D%D0%BE%D1%80%D0%BA%D0%B0_%D1%94%D0%B2%D1%80%D0%BE%D0%BF%D0%B5%D0%B9%D1%81%D1%8C%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D1%85%D1%96%D1%80_%D0%B7%D0%B2%D0%B8%D1%87%D0%B0%D0%B9%D0%BD%D0%B8%D0%B9
https://uk.wikipedia.org/wiki/%D0%A2%D1%85%D1%96%D1%80_%D0%B7%D0%B2%D0%B8%D1%87%D0%B0%D0%B9%D0%BD%D0%B8%D0%B9
https://uk.wikipedia.org/wiki/%D0%9A%D1%83%D0%BD%D0%B8%D1%86%D1%8F
https://uk.wikipedia.org/wiki/%D0%92%D0%BE%D0%B2%D0%BA
https://uk.wikipedia.org/wiki/%D0%A7%D0%B5%D1%80%D0%B2%D0%BE%D0%BD%D0%B0_%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D0%B8

Puc. 15. HaifiinHime rocogapcbke 3aHATTS
OOroBopeHHs pe3y/abTaTiB

OTpumaHi 3rilHO 3 aJNrOpUTMOM JIOCHIJDKEHb pe3yJbTaTH XapaKTepU3yIOTh
SKOJIOTIYHUI CTaH YCiX F€OKOMIOHEHTIB SIK OKPEMO, TaK i pa3oM, IO CTBOPIOE
reoiHpopmaniiiny cucrtemy Oyab-sKOi TEpUTOPii, B TOMY YHCIi 1 NPHUPOJHOTO
3anosigauka [opranu (puc. 16) [3].

Ha puc. 16 306paxena monens ['IC BrummBy HadTOra3oBHX MHiANPHEMCTB Ha
MPUPOAHI TeocucTeMH. LIS MOJens YCHIIIHO BUKOPUCTAHA HA TEPUTOPIi HHU3KH
o0'extiB: CHsTHHCBKOTO padiony — Apmamenko O.M., Mimenko JI.B. [1],
I'ycstuncbkoro paiiony — Tpuchiok B.M. [10], HaagpipHsHCBKOTO paiioHy —
Ckpurmauk B.C. [10], Ilapky JIkomoBukoBoro mepiomy — Mociok M.I. [4],
JuicTpoBchkoro kanpitony — 3opin J.O. [6] Ta iH.

OTpumaHuii JOCBi Ta 4YUCIEHHI NyOmikamii B MoHOrpadisx 1 CTaTTsIX
3aCBIUYIOTh TPO MOXKJIHBICTE BHUKOpUCTaHHS Takux [IC s MpUPOIHOTO
3anoBigauka «[opranm» Ta iHmux 00'€KTiB.
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EKOS%HL;%BE%EEKA TeoeKoCcHCTeMM sik YacTk
HA®TOrA30BOI rANy3| Giocdepu 3em
TexHocdepa

TpaHCcKOpAOHH| NepeHocu ~NoNIoTaHTIB

PerioHanbHi,fepeHocu

Hagrorasose
HiANPHEMCTBO

Ta reodi3nyHi no.

Puc. 16. I'eoindopmariitna cuctemMa Ta OILIHKA BIUTMBY TEXHOTCHHOTO HaBaHTAKCHHS Ha
MIPUPOIHO-aHTPOIIOT€HHI T€OCUCTEMHU

BucnoBku

1. Tpuponnuit 3amoBigEuk «[opraHw» € NPUKIAIOM BUKOPUCTAHHsS Oararoi
MPUPOIHOT CHIAIINHHI PUPOIHO-3aMOBITHOTO (OHTY.

2. Ha npuknani upupomHoro 3amosignuka «lopranm» po3poOieHo Ta
MPOTIOHYEThCST TTIOKOMITOHEHTHUH aHami3 Bcix 10 CKIagoBUX MPHPOTHO-
AHTPOTIOTCHHOT TEOCUCTEMHM, SIKM HEOOXIJHO BIPOBAKYBATH i1 0OaraThbox
00’ €KTIB IPUPOHOTO CEPEIOBHUIIIA.

3. 3anpomnoHoBaHa aBTOpaMH reoiHpopMaliiiHa cuctemMa Oe3MeKH IPYyHTYEThCS
Ha B3a€MO/Ii1, B3a€MOBIJJTHOCHHAX Ta B3aEMO3JIE)KHOCT] YCiX KOMIIOHEHTIB OJIMH BiJI
OJIHOTO Ta yCiX pa3oM.
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3 BukopuctaHHsM mpudrty Times New Roman, Cyr, kernb 11, oxauHapHuil iHTepBad,
moJisiMu 2,0 CM 3 KOKHOTO OOKY, 3alaHMM PO3MIpOM CTOPIHOK 17x26 cM.

VYci hopmynu matots OyTi HaOpaHi B penaktopi MathType.

Imroctparii moBHHHI 0OOB'I3KOBO HyMEpYBAaTHCS, MAaTH KHI)KKOBY OpI€HTAIil0 i HE
MOXYTh NEPEBHILYBATH 32 PO3MIpOM 3aZaHy CTOPIiHKY (mapamerpu cTopiHku 17x26 cM
3 moisamu 2,0 cm). [leperik niTepaTypHUX pKepen MepeKsafaeThesl aHTITiHChKOK MOBOKO
(abo TpaHCHITEpYETHCS B pOMaHChKOMY aI(haBiTi) 1 TOJAE€THCS BIAIIOBIAHO A0 MiXKHAPOIHOTO
cranmapty odopmieHHs HaykoBux myOmikamiii APA  (American Psychological
Association) style 3aranbHuM CIIMCKOM y KiHII CTAaTTi 3@ YEPTOO MOCHIIAHb Y TEKCTI.

HanpukiHiii cTaTTi HABOAUTHCS KOPOTKA JOBIAKA MPO aBTOPIB, /¢ BKA3yHOTHCS Mpi3-
BHILE, TOBHE iM’s Ta IO 0ATHKOBI aBTOPIB, HAYKOBUIA CTYIiHb, BUCHE 3BaHHsI, 110CaJa, Ha3Ba
migpo3ainy (kadeapu) Ta oprasizaiii, 0COOMCTI JaHi KOXKHOTO 3 aBTOpPiB (ampeca, MICTo,
KpaiHa, KoHTakTHH# Tenedon, e-mail), ORCID ID.

OO00B'I3KOBO CITi/i HAJJATH EIEKTPOHHY Bepcito cTarTi B peaakropi Microsoft Word.

VYci mpeAcTaBieHI B PEAAKI[iI0 PYKONUCH MPOXOMAATH peTelibHe OaraTollaHKOBE
pelcH3YBaHHS BIiAMOBIMHUMH (axiBIsiMu 3a mpodimem craTti. SKImo cymapHa OIliHKA
PELIEH3EHTIB MEHIIIa 32 BCTAHOBJICHUH MOPIT, PYKOINCH BiAXHUIISIOTHCS.

3MicT cTaTTi Ta SKICTh HamMcaHHsA abo mepekiany (yKpaiHCHKOIO abo aHIIIIHCHKOIO
MOBaMH) HEPErJISIAl0OThCsl KOpeKTopaMy 30ipHHKA, IPOTE BiIIOBIANBHICTE 32 3MICT Ta
AKICTP CTAaTTI HECyTh aBTOpH Marepiamy. Jlo craTri MOXyTh OyTH BHECEHI 3MiHH
penaxiiiHoro xapaxkrepy 6e3 3roji aBTopa.

Posnin 306ipHuka, 1m0 sikoro Oyae BiJHECEHAa CTAaTTsI, BHU3HAYAETHCS PEAAKINETO,
Y3rOJIKY€EThCSI — TOJIOBHUM DPEAAaKTOPOM abo Horo 3acTynmHUKOM. OcTaTouyHHN BHCHOBOK
10710 My OJTiKaIlii MaTepiaiB CXBAIIOE pelakiliiiHa Koeris 30ipHuKa.

Enextponna Bepcis 30ipHUKa, MpaBmiia oGOpMIICHHS Ta BUMOTH JI0 CTaTe MiCTATHCS
B [HTepHeTi Ha caidTi http://www.es-journal.in.ua, sikuii cuCTeMaTHYHO OHOBIFOETHCSL.

30ipHUK HayKOBHMX Mpallb TakoX NpelcTaBiIeHHi Ha caiiti HamionanbHoi 6i0mioTexu
VYkpainu im. B.I. Bepraacekoro, Ha caifti [HcTMTYTY TenexomyHikamid i rio6aabHOTO
iHpopmaniitHoro mnpocropy HAH Vkpainm http://itgip.org/ y posnimi «BumaBHnua
JISIBHICTBY» Ta Ha caiTi 0i0miorekn KHiBChKOTroO HalllOHAIBHOTO YHIBEPCUTETY Oy IiBHULITBA
i apxiTextypu http:/library.knuba.edu.ua/node/883.
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