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PED®EPAT

3eiT ipo HJIP: 101 c., 11 ta6:., 32 puc., 65 mkepenn.

YOPHE MORPE, AHTPOIIOT'EHHE 3ABPY/IHEHHA, MATEMATHUYHE
MOJEJIFOBAHHSA, 3ABPYIHEHHSA BOJI, CTAH IMITJIEMEHTAIII, JAUPEKTUBA €C
ITPO MOPCBKY CTPATEI'TIO.

06'exm Oocnidxcennss — eKocucTeMa npudepexHux Boja YopHoro Mops Ta
¢dakropu BmuBY. [lpeagmer nocmiIKeHHS — TOKa3HUKH CTaHy MOPCBHKOT
€0CHCTEMH Ta MOKA3HUKH (PAKTOPIB BIUIUBY.

Mema H/[P — KOMIUIEKCHA OllIHKA BIUIUBY NMPUPOJHUX Ta aHTPOMOTEHHUX
(dakTopiB Ha SKICTh NPUOEPEKHUX BOJ YOpHOro MOps BIAMNOBIIHO JO BHUMOT
€BPONEICHKOr0 3aKOHOJABCTBA PEKOMEHJAIlil B Mexax po3poOku MopchKoi
cTparerii YKpainu 1moJ1o.

Memoou OocniddicenHss — MOPIBHSUILHUN aHA3 Ta METOJ MaTEMAaTUYHOTO
MOJIETIOBaHHS JUHAMIKU CTaHy MOPCKOT €KOCHCTEMHU.

Pesynomamu oocnioocenns

JIJist TOCSATHEHHSI METH BUPIIIEH] HACTYIIHI 3aBIaHHS:

— aHaJli3 BIUIMBY MPUPOJHUX Ta aHTPONOreHHUX (PAKTOPIB HA CTAH MOPCHKOTO

CEpEeIOBHUILA SIK CKJIa/I0BO1 €KOJIOTIYHOI COLIalIbHO-€KOHOMIYHOI CUCTEMHU;

— BHU3HAYEHHS IMOHSTTS CTIMKOCTI MOPCHKHX €KOCHUCTEM;
— KOMIUIEKCHA OLIHKAa BIUIMBY MNPHUPOAHMX Ta AHTPONMOreHHUX (HaKTOpiB Ha

SIKICTh MpubepekHux BoJi HopHOro Mops 3a nepion 3 2012 mo 2018 pp.
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I[TEPEJIIK CKOPOUYEHDb

- A30B0o-YopHOMOpCHKHUIM OaceiH

- 010JIOTIYHE CIIOKUBAHHS KUCHIO

- ToOpuii eKOJIOTIYHUHN CTaH

- €Bponericbkuid Coro3

- 3a0pyIHIOIOY1 PEYOBUHU

- MOPCHKHM €KOJIOTTYHUI MOHITOPUHT

- HayKOBO-J0CH1{Ha poOoTa

- MBHIYHO-3aX1/1Ha YacThuHa YOpHOTO MOPs

- Yopue Mope

- PamxoBa [lupektuBa 3 Mopcbkoi crparerii €C (EU Marine Strategy
Framework Directive)

- Bonna pamkosa nupexktuBa (EU Water Framework Directive)
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BCTVII

VYkpaiHa € MOPCBHKOIO JEpXkKaBoIo, sIka cepell MPUIOPHOMOPCHKUX JepiKaB
Mae HahjoBIry OeperoBy JiHito (1 628 km). lit HanexuTs 57 % 3arajibHOI IO
YOPHOMOPCHKOTO TIenbdy, y Tomy uncii 87 % MiBHIYHO-3aX1THOTO Menbdy (SIKAN
€ HaWOUIbII EKOJOTIYHO YPa3lHUBOIO AUIAHKOI YOpHOro mopsi). AHTPOMNOTreHHI
npobsemu YopHoro mopst popMyroThCs 1 HaMOUIBII TOCTPO MPOSBISIOTHCS, B
npulepexxHid 1 1menbGoBi 30HI MOpPIB, J€ CKOHIEHTpOBaHA TOCIOJapChKa
JUSITBHICTD, J€ 30CepeKeHl OeperoBi 1 OCHOBHI MOPCHKI JpKepelia 3a0pyIHEHHS
(MSAIBHICTh TMOPTIB, JHOIOIVIMOJICHHS TOPTIB 1 MIAXITHUX KaHAIIB, JaMIIIHT
TPYHTIB, PO3BIJIKa 1 BUAOOYBaHHS BYTJIEBOJHEBUX PECYPCIB.

Mopceke cepeioBullle 3a3Ha€ YUCIEHHOTO 1 PI3HOMaHITHOTO aHTPOIIOT€HHOTO
BIIMBY BHACHIZOK FOCIOJIAPCHKOI AISUTBHOCTI K Ha MPUJIETIIUX TEPUTOPISIX, TaK 1
Ha  aKBaTOpisfX. 3aperymioBaHHS CTOKY pIYOK, TMOJaiblIe  3pPOCTaHHS
0€3MOBOPOTHOTO BOJIOCIIOKUBAHHS, OCOOJIMBO B 3pOIITYBAaHOMY 3€MJIEpOOCTBI, 110
MPU3BOJUTH JI0 3HAYHOTO CKOPOYCHHS HAIXOHKCHHS TMPICHUX BOJ y MPHUTHPIIOBI
palioHHM MOpS, €KOJIOTIYHO HEeOoOrpyHTOBaHAa IHTEHCH(}IKAIls PecypcHO-
eKCIUTyaTallliHUX Tally3ed Y MOPChKUX 1 MPUOEPEKHUX AKBATOPISX, y TOMY YHCII
BUJIOB pUOM Ta IHIIMX MOPENPOIYKTIB, HEKEpOBaHA IHyCTpiai3allis, XiMi3awisd,
ypOanizamiss y30epexksa — Bce Ie OOYMOBIIIOE TIOCHJICHHS aHTPOIIOTEHHOTO
HaBaHTaXXE€HHS B perioHi. Taka AISUIBHICTH NPU3BENA J0 HEOPUITYCTUMOTO
3pocTaHHsl 3a0pyJHEHHS MOPCHKOIO cepeloBUIa MOOYTOBUMH, IMPOMHUCIOBUMH,
CIIbCHKOTOCIIONAPCHKMMH  Ta 1HIIMMH BIIXOAaMH, SKI MICTATh HeOe3medHi 1
IIK1IJIMB] PEUOBUHU Ta MATOT€HH1 MIKPOOPTaHi3MHU.

Meroto H/IP € komriekcHa OIliHKa BIUITMBY MPUPOHUX Ta aHTPOIIOTEHHUX
(dbakTopiB Ha AKICTh NpuOEpekHUX BOJ YopHOro MOps BIAMOBIAHO J0 BHUMOT
€BPOIENCHKOr0 3aKOHOJABCTBA PEKOMEH/1allli B MeXaxX po3po0ku 1moa0 MopchKoi

cTparerii YkpaiHu.



JI1st JOCSITHEHHST METH BUPIIIIEH] HACTYITHI 3aBIaHHS:

— aHaJIi3 BIUIMBY NMPUPOHUX Ta aHTPOTIOTEHHUX (haKTOPIB HA CTAaH MOPCKHOTO
CEPEOBHUINA K CKJIAI0BOI €KOJIOTIYHOI COIIaTbHO-€KOHOMIYHOT CHCTEMHU;

— BU3HAUYEHHS MOHATTA CTIKKOCTI MOPCHKUX €KOCUCTEM;

— KOMIIJIEKCHA OI[iHKa BIUIMBY MPHUPOJHUX Ta aHTPOINOTEHHUX (AKTOPIB Ha
SAKICTh MpubepexHux BoJi YopHoro Mops 3a nepioj 3 2012 mo 2018 pp.
OO0'exTaMu AOCTIDKEHHS € eKochucTeMa mpubepexHux Boj YopHOTo Mops

Ta (akTopu BIUBY. [IpenMeToM HOCHIKEHHS MOKA3HUKUA CTaHy MOPCBHKOI
€OCUCTEMHU Ta TMOKa3HUKH (pakTopiB BIUIMBY. MeTogamMu AOCHIKEHHS €
MOPIBHSIBHUIN aHaMI3 Ta METOJ MAaTeMAaTHUYHOTO MOJEIIOBAHHS AUHAMIKH CTaHY

MOpCKOI CKOCUCTEMU.



1 CTAH MOPCKUX EKOCUCTEM TA ®ATOKPHU BIUIMBY HA HUX
B EKOJIOT'TYHIM COLIIAJIBHO-EKOHOMIYHIN CUCTEMI

1.1 €nuna xknacudikamisa €C a1 MOPCHKUX Ta MPUOEPEKHUX EKOCUCTEMHUX

HOCTYT

KoHnrenitisi €KoJ0riyHUX €KOHOMO-COIIaIbHUX CHUCTEM TO€JHYE OKpemi ii
CKJIQJIOB1 Yepe3 €KOCUCTEMHI MOCIYrd 1 4epe3 (akTopH BILIMBY, 10 BUHHKAIOTh
BHACNIIOK fK O€3MOCEpPeHhOTO BUKOPUCTAHHS TMOCIAYr, TakK 1 BHACIIJOK
OTIOCEPEIKOBAHOTO  BIUIMBY 4epe3 [ISUIBHOCTh JIIOJUHM B IIJIOMY, IO

IIpeICTaBIIeHO Ha pucyHky 1.1.

/ Exocucremu

Dyukmii

Corio- \

€eKOHOMIYHI

BukopucTaHHS Ta yIpaBIiHHSA
€KOCUCTEMaMH

T'enermun¢
pi3HOMaHI"
TS

Exoutoriun

MPOLIECH

~

[ 00DOOVT JIOIWHHA

- Ixa, uncre moBitps Ta Bona;
Buroau - 310poB’s Ta Oesrexa;
- 3a/0BOJIEHHS

DYHKITOH: . . Bunose
meHi puen ||  PIBHOMAHIT)  =>{ Gararcrs

- ExoHOMiYHEe 3Ha4YEHHS

3HayeHHs - 3Ha4eHHs Ui 310pOB’ st
- ComiajbHe 3HaYESHHS Ta iH.

Biodizmun

Biosoriun:

B3a€MOIis ﬁ

CT?H . Biaryx - Opranizauii, 6i3Hec
TeNepilIHIn - Tlonitukn (c/r, puGanscTeo, ...)

\ Ta MaﬁGyTHlﬁ / \\ - Cre#ikxonaepu Ta KOpUCTyBadi /

Pucynox 1.1 — brok-cxema B3a€M03B 3Ky COILIaJIbHO EKOHOMIYHUX CHCTEM

CTPYKTypH

3 €KOCHCTEMH Yepe3 EKOCUCTEMHI MOCIYTH 1 uepe3 pakropu

BILTUBY [1]



ExocuctemMHi (QyHKIi BH3HAYalOThCA SIK TMOTEHIal JUIS HaJaHHS
eKkocucTeMHUX mochyr [2]. EkocucTeMHi MOCIyrd, y CBOIO 4epry, MOXOASTh Bij
(GYHKIIH €eKOCHCTEM 1 MPEACTABIAIOTh MOTOKU MOCIYT, Ha SKi icHye momuT. Jls
iJIeH i€l KOHIIEeMIli, eKOCUCTEMHI MOCITYTH TaKOk OXOILIIOIOTh TOBapH, OTPUMaHi
BIJI ITUX €KOCUCTEM.

Buronamu 1j1st TIOAMHU Bl €KOCUCTEMHUX MOCIYT €, 30KpeMa, XapuyBaHHS,
JIOCTYIl 10 YUCTHX MOBITPS 1 BOJAM, 3I0pOB's, Oe3meka Ta 3al0BOJICHHs. Buroau
MOXOJATh Bl €KOCHCTEMHHUX IOCIYT 1 OXOIUIIOIOTH Pi3HI BUAMU OJaromoixyqus
JIOJIMHU, Ta 3a/JI0BOJICHHS TaKUX OCHOBHUX IMOTpeO, SK €KOHOMIYHI MOTpeodH,
CKOJIOTI4HI MOTpeOu 1 moTpedu cyO'ekTrBHOTO 1acts [1]. B 1ieHTpi yBaru moHATTS
BUTOJIM € T€, L0 €KOCUCTEMHI MOCIYTH € BIAKPUTHUMH IS EKOHOMIYHOI OL[IHKH.
Opnak, 1€ 3HA4YE€HHS HE MICTUTH JIMILIE TPOIIOBE BHpa)XeHHl. BaxiuBum €
BKJIFOUCHHS IHIMUX I[IHHOCTEW, TakWX SK, HANPWUKIAQA, 3HAYCHHS 3JI0POB'S,
COLIIOKYJIbTYPHI LIIHHOCTI, @00 MPUPOHI I[IHHOCTI.

3acTocyBaHHS KOHIENTYaJbHUX 3acaj] OI[IHKM €KOCHUCTEM 1 iX MOCIyT Ha
MDKHApOJHIA  apeHl, nepeadayae 3acTOCyBaHHS  JBOX  KiacuQIKalii:
Kimacudikaiisg JUIl  OIIHKM CTaHy €KOCHCTEM, SKI HaJalTh TOCIYyTH 1
Kkjacudikamis €KOCHCTEMHHUX MOocayr. Mera CTBOpPEHHS €IuHOI Kiacudikaiii
MoJIsira€ B TOMY, MO0 MO3BOJIUTH O0’€IHATH 1 TMOPIBHATH 1H(OpPMAIlIIO, IO
HaJIXOJIUTh 3 KpaiH-uieHiB €C.

B €C nuranHs eKOCHUCTEeMHUX MOCIyr MOpst Ta ipudepeskanx 308 (ETIMIT)
PO3TIIAIAI0THCS B MEXKaxX 3aBllaHb 13 30epekeHHsT 610pI3HOMAHITTSI, BUKOPUCTAHHS
BOJHUX pecypciB, 30epexeHHS Ta BIJHOBJICHHS MOPCHKUX EKOCHUCTEM,
peryJIIOBaHHs KJIIMAaTy, BEACHHS CUIBCHKOTO rocroaapctaa [3].

Sk Oyno BM3HAUEHO BHWINE, BMKMBAHHS JIIOJAWHHM, 11 T0OpOOYT 3aiexarh Bif
€KOCUCTEMHHUX TOCIYr 1, OTXKeE, BiJ] 30€peKCHHS E€KOCHUCTEM 1 BHKOPUCTAHHS
Kpallux MPaKTUK B3a€MO/IIi COILaIbHO-EKOHOMIYHUX CHCTEM 13 €KOCHMCTeMaMu
[4], [5]. Hocmimkenns, Mo MPUCBSIYCHI €EKOCUCTEMHUM TOCITyTaM, 3HAYHO BHPOCIIH
MPOTATOM OCTAHHBOTO NECATHIITTSA, 0COOIUBO Micas BUXOAy OIIHKH €KOCHCTEM

Ha Mopo3i TucssyoiiTTs [6], [7].
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€ oueBuaHUM, IO AaHl 1 Metoau pociimkeHb moao EIIMII € nabararto

O11bI1 OOMEXXEHUMH B MOPIBHSAHHI 3 JOCIIDKCHHIMHU 110 Ha36MHUM €KOCHCTEeMaM

[8]-[11]. HeBemuka KijdbKICTh TOCIIIKEHb, MO CTOCYIOTHCS OIIIHKHA MOPCHKHX

EKOCHCTEMHHUX TOCIYT, OyJIN 30Cepe/KeHI B OCHOBHOMY Ha OTPHMaHHI TIPOIYKTiB
Xap4yyBaHHS, TaKWX SIK puOanbcTBO (Hampukian, [12], [13]).

Y crarri [3] HagaHO CHCTEMATHYHHI OIJIAJ HAyKOBOI JIITEpaTypH,
noB'si3anoi 3 EIIMII. Takoxx HaBeAeHO OCHOBHI pe3ysbTaTH I10JI0 Kiacudikarii
MOKAa3HUKIB, 10 3aCTOCOBYIOTHCA JUIs OIIHKY 1 KapTyBanHs EITMII.

Pi3HOMaHITHICTB ICHYIOUUX KiIacH(iKalliil eKOCUCTEMHI MOCIYT MPU3BENO J0
TPY/AHOINIB 1 HEBIAMOBIIHOCTE Yy TOPIBHSAHb MIX pe3yiabTaTaMu OIiHOK [14].
€ HEMPOCTUM 3aBIaHHSAM 3 Y3TO/DKCHHS EMITIPUYHUX OIlIHOK 3 TCOPETUYHOIO
kiacudikariero, siky HaBeneHo B [3]. Byna cTBopeHa KOMIUIEKCHA Ta MpaKkTUYHA
KJacuikamis eKOCHCTEMHHUX IMOCIYT 3 YpaxyBaHHSIM MOPCHKOI Ta MpUOEpeKHOI

CKJIaJIOBUX JOCJII/I’)KE€Hb, sIKa HaBejieHa y Tabnui 1.1.

Tabmuug 1.1 — Cnucok MOPCHKUX Ta MPUOEPEKHUX €KOCUCTEMHUX MOCIYT

BignoBigHo 10 kiaacudikarii €C [3]

3arajabHe
Kaacu ETIMII Onuc KOMIIOHEHTH BHSHATCHIN
nocayr €KOCHUCTMHOI
MOCJIYTH
IMocnyru, 1o | 3abe3neueHHs KomepiiiHuii Ta HeKOMepIiHHUIHA [Mpomyxuis Oiomacu
3a0e3MeUyloTh | IPOIyKTaMu BUJIOB pUOU (BU3HAYAETHCA 3aTajlbHAMU | JJISt CIIOKHBaHHS

XapyyBaHHS BUJIOBAaMH Ta BiJIHOCHHMH BEJIMYNHAMH | JIFOJUHOIO 1 CTBOPEHHS

BUJIOBIB Ha 3YCHJLIIS) YMOB, o0 i

BuponryBaHHs aKBaKyJIbTypH, BUPOCTUTH

BKJIIOYAI04YH puOYy, paKornoJiOHuX,

MOJTIOCKIB, i BOJIOPOCTEH
30epiranHs  Ta | Boma MOpchKOro Ta mpuOepeHOro 3abe3nedeHAs  BOJOIO
3a0e3TeUeHHS CepeIoBHIIA, IO 3HAXOUTHCS JUTS CIIOKHBaHHS
BOJIOIO MEPEeBAXHO B NPUOEPEKHHUX 03€pax, B | JIOAMHOIO, & TAKOXK IS

JeNTbTOBUX BOJIOHOCHUX TOPU30HTaX IHIIKX Linen

abo pe3ynbTaToM podoTH

OTIPiCHIOBAJIbLHOI YCTaHOBKU

Mopcbka Boga TakoX MoOxe OyTH

BUKOPUCTAHOIO  JUISI  TEXHOJOTIYHHX

3a]ad OXOJODKEHHS abo B Mpolecax

BUPOILYBaHHSI aKBaKyJIbTYPH B CTaBKax

i KaHaJIax




[Tponomxenus Tabaumi 1.1
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3arajabHe
Kaacu EIIMII Onuc KOMIIOHEHTH BHSHANEHI
noCJIyr €KOCHCTMHOI
NoCJIyru
Ilocyrn,  mio | biomorigni Bxirrouae nmikapchKi pemapaTa Hanmanus 6iomacu abo
3a0e3IeYyI0Th MaTepianu (HampuKIaI, JTIiKA, KOCMETHKA), OionoriuHux
OionanuBo JIEKOpaTUBHI (HAIPHUKIIa, KOpay, €JIEMEHTIB JJIs
MYIIUTI) Ta 1HII KOMEpITiiHi i HEXapUOBUX IIiTCH
MPOMHMCIIOBI pecypcH (HanpHKIa,
BUTOTOBJICHHS MiHEpAIbHUX 100PHB,
TOIIIO)
Biomacw mys BUpOOHUIITBA €HEPTIT MOXKE
MaTH TBepAi hopmu (HampHKiIai,
MaHTPOBI 3apOCTi), pIAUHY (SIK TaTUBO,
nmoOyTe 3 BogopocTeit) abo Oioras
(oTpuManuii 3 MaTepialis, MO
PO3KJIaIal0THCS)
Perymtoroui OunnieHHs OuuilieHHs B1AXO/1B JIOIUHU; Di3uko-xiMiuHi 1
MOCITYTH BOJIH PO3BEICHHS; OCiTaHHS, TOTJIMHAHHS; OioximiuHI IporecH,
Oiopemeniallisi; OKCUIeHarlist 'MEepTBHX SIKi 3aCTOCOBYIOTHCS
30H'; (IIBTpAILis 1 MOTTTMHAHHS; TIpY BUJAJICHHI
pemiHipaizaris; po3KiiaaaHHs BIZTXOIB i
3a0PYAHIOIOYHX
PEYOBHH 3 BOJHOTO
CepeIoBHINA
PerymtoBanus PocimHHICTh (HanpUKIIaa MaHTPOBI Perynsmis
SIKOCTI MTOBITPSI 3apocCTi), TPYHT (HapUKIIa]], BOJHO- KOHIICHTpAIIii
0OMOTHI yTias) Ta BOKONMH 3a0pyIHIOBAYiB
(HampuKIIa OKeaH), 3aBISKH iX MOBITPST B HIDKHIN
(bi3U4HOT CTPYKTYPH 1 aTMocdepi

MIKpOOI0JIOTIYHOMY CKJIaJYy,
MOTJIMHAIOTE 3a0pYAHIOBaYl TOBITPS,
TaKi SIK, HAalIPUKJIa, TBEP/Ii YaCTKH, 030H
a00 JIBOOKHUC CIpKH

3axuct [Tpupoanuii 3axuct npudepexHoi cMyrd | 3aXUCT BiJl IOBEHEH,
MPUOEPEKHUX BiJl 3aTOIJICHHSI Ta €po3ii BiJ XBWIIi, Ta MOCyX, yparaHiB Ta
30H MiABHIICHHS piBHS MOpsi. bionoriyni ta iHIIMX HeOe3MneuHux
T€OJIOTi4HI CTPYKTYpH, 10 GopMyIOTh seunl. Kpim Toro,
npudepesxHi 0i01eH03H, MOXKYTh 3ano0iranHs eposii
3YIIUHUTH PYX BOJM 1, TAKUM YHHOM, y30epeirKs
cTaOuTi3yBaTH MTPOLIEC HAKOITUYCHHS
BiJIKJIa 1iB a00 cTBOpUTH Oy(epHy
3aXHMCHY 30HY
PerymioBanus OkeaH Jie sik 30ipHUK (i TUTBKH K Tyxe | PerymoBanHs
KITimMary HEe3HAYHEe JPKEPEo) /ISl TAPHUKOBUX MapHUKOBUX T'a3iB.
ra3iB. Heopraniunmii Byriens Haii0inpm
PO3UMHSETHCS B MOPCHKIH BO/II, MOITUPEHUMHU
opraHiuHuil popMye MepBUHHY crocodamu €
MPOAYKIIIO, € BIICOTOK, SIKUH PO3UMHEHHS,

JIETIOHYETHCS, 1 BIJICOTOK, SIKUN
[MOTJIMHAETHCSA

30epiranHs Ta
IMOTJIMHAHHA ABOOKUCY
BYTJICIIIO
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3aranbHe
Kaacu EIIMII Onuc KOMIIOHEHTH BHSHATCIHHR
noCJIyr €KOCHCTMHOI
MOCJIYTH
Perymtoroui PerynroBanHs Hampukmnaz, BB mpudepexHoi Brus ekocucteM Ta
MOCITYTH MOTOJJHUX YMOB | POCJIHWHHOCTI i BOJHO-OOJOTHHX YTigh Ha | Oi0ICHO3IB Ha
BOJIOTICTb MOBITPA 1, BpEIITi-peLlT, Ha JIOKaJIbHI IOTO/HI
TOYKY HaCHYCHHS Ta (JOPMYBaHHS XMap | YMOBH, TakKi sIK
TEPMOpPETYJISLI 1
B1JHOCHA BOJIOTICTD
OkeaHcbKe [IpupoaHi TUKITIYHI MPOIIECH, IO B nazemMuux
KHUBJICHHS BE/IyTh JI0 HAJXOKEHHS O10reHHHX eKOCHCTeMax I1e
PEUOBHH Y MOPCHKi BOJIU [T NPOMYKIii | IPUBOIUTH 10
OpraHiku peryioBaHHs
[ pyHTOYTBOPEHHS MOKE CIIOCTEPIraTUCs | IPYHTOYTBOPEHHS i
Ha rpaHuIli IEBHUX BOJAHO-O0JIOTHUX SKOCT1 TPYHTY
YTiJb i MAaHTPOBHX 3aPOCTEMH, 3aJICIKHO
BiJl Ti[POAMHAMIYHIX YMOB.
3abe3neyeHHs 3abe3neueHHs! KIIFOYOBHX MiCIIb bionoriune Ta ¢izuune
JKUTTEBOTO MPOKUBAHHS, SIKi BAKOPHCTOBYIOTHCS 3a0e3MeYCHHS
HUKITY JUTSL HepecTy, Haryily ado sk MirpamidHi | po3MHOXKEHHS
MapmpyTH. L{i Micts mpoxuBaHHS Ta 3IOPOBUX 1
3B'SI30K MK HUIMHU € KPUTUYIHO PI3HOMaHITHUX BUJIIB
BKJIUBUMHU JIJIS1 YCIILTHOTO KUTTEBOTO
KTy BUAIB. LIst mociryra rapantye
TeHETHYHE PI3HOMAHITTS 200 3aXUCT
reHoQoH Ty
Bionoriunnit KonTtpons 3a matoreHHUMHU Biosoriuaunit KOHTPOJIH
KOHTPOJITb oprasizMamu, 0COOJIMBO B aKBaKyJIbTypi; | 3a IIKiJHUKaMH, B
BiosioriyHnit KOHTPOJIb HA MOMUPEHHSIM | OCHOBHOMY
TPAHCMICHBHHUX 3aXBOPIOBaHb JIIOIMHHY; TMIOB'SI3aHUMH 3
KonTpois 3a moTeHmiitHO iHBa3iHHUMU OXOPOHOIO
BUJIAMH POCIIMHHUIITBA Ta
TBApUHHHUIITBA, 5K
MOXKYTb BIUTHHYTH Ha
KOMEpIiHHYy
JUSUIBHICTD 1 37I0POB's
JIFOIMHU
Kynerypni CumBomiuni  T1a | [IpuGepexxHi rpomMany 3aBxIu [HouyTTs 3axBary i
MOCITYTH €CTEeTHYHI MOKa3yIOTh 3HAYHHUH 3B'I30K 13 MOpeM eMOLiiHe TMiAHATTS BijJ
LIHHOCTI 4yepe3 MICLEBY 1ICHTHYHICTb. Iei3axiB, 0101IEHO31B

[TpupoaHuME Ta KyJIbTYpHHUMU
TPaJULisMU 1 PEJIiri€ro, IO MOB'sI3aHi
MICISIMHA MEIIKaHHS y IPUOEPEKHIH
30Hi. [IpubepesxHi i ocTpoBi
CYCIIIbCTBA LiHYIOTH ICHYBaHHS 1 Kpacy
MIPUPOJHUX PECYPCIB T4 OKPEMHUX BUJIIB
POCIIMH Ta TBAPHH, TAKHUX K KOPAJIOBI
pudu abo MOPCHKi ccaBLi

a0o BU/IIB
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3arajabHe
Kaacu EIIMII Onuc KOMIIOHEHTH BHIHAHCHHA
noCJIyr €KOCHCTMHOI
NoCJIyru
KynerypHhi [IpuBaOIMBICTE MOPCHKUX EKOCHCTEM MOXIIHBOCTI, SIKi
MOCITyTH 3a3BHYail IOB's13aHa 13 JUKOIO 3a0e3meuyoTh
MPUPOIOI0, CIOPTOM, 200 KpacuBUMH OpUpOAHE

Pekpearris Ta

neizaxxamu 1 Bugamu. Lle moxke Oyt
MOB'SI3aHUM 13 IPUOEPEIKHUMH 3aX0aMHU

CepeIOBHIILE IS
BiJIMIOYNHKY Ta

TYpH3M
(HampuKJag KyNaHHs, 3MaraHHs, po3Bar
TiIBOAHE IUIABAHHS) Ta 3aX0JaMHt Ha
MoOpi (HaIpuKJIaa, BITpHIBHHUH CIIOPT,
pUOATBCHKUH CIIOPT, TOIIO).
HarxHeHHs u1st MUCTENTBA 1 IPAKTHYHOI | 3amyCcK HCHXIYHUX
TUSTRHOCTI (HATTPUKIIAL, apXiTEKTypHi MIPOLIECiB, TAKUX 5K
POOOTH B CTHIII MOPCBHKOI Yeperallky, OTpPUMAaHHSI 3HAHb,
MEIWYHUX MPOTPaM 10 BUTOTOBJICHHIO PO3BHTOK,
MOPCHKHX OPTaHIYHUX CIIONYK, TOIIIO). YCBiIOMJICHHS
KornitusHi Martepian Juis JOCHTiIKeHb Ta OCBITH BUTUTABY TPUPOIHIX
edexTH (HampuKIa, BiIKPUTTS HOBUX BH[IB Ha nanmmadTie a60

MOpPCHKHX rubnHax). [HpopmartiiiHo -
MIPOCBITHUIIBKOL iSUTPHOCTI (HAIPUKIIA,
MOBary J1o MPUPOIU Yepe3
CIIOCTEPEIKEHHS 32 MOPCHKHM JTUKUM
JKHATTSIM).

JKUBUX OpTaHi3MiB

Lleli cnucok € pe3yJabTaTOM KPUTHYHOIO aHali3y Ta I1HTErpaiii pi3HUX
kinacudikamii, Buxomaun 3 MA [15], TEEB [16], CICES [17] Tta Mopchkux
npono3uilii Bijg bomon et Al. [18].

Kackagna monens, mo BukopuctaHa B [39], 3abe3neuye 0a3y aisi 3B'SI3KY
MDK JOBKUUISIM T4 €KOCUCTEMHUMH MOCITyTraMu, BIUIUB Ha OJaromnoryqus JIOAUHU
Ta BIUIMBOM COI[1AJIbHO-CKOHOMIYHHMX CHCTEM Ha CTaH €KOCHCTEM, 1, TAKMM YHHOM,
IXHII MOTEHIiaT /IS MOAAIBIIOro HaaanHs nociyr [19]-[21].

Haii6inpm getansHo npoananizoBanumu 13 EIIMII € nocnyru, noB’si3aHi 13
BUJIOOYBAHHSIM NPOJYKTIB XapuyBaHHs, Hacammepe] 3a pPaxyHOK puOaibCTBa.
HaiiGinpr 3HaYHUMU TMOKa3HUKaAMU €KOCHCTEMHHX TOCHYT IMIOAO0 puOaibCcTBa €
HACTYIIHI:

Oiomaca pecypcis,

010p13HOMAaHITHICTH pUO, XapyoBa CTPYKTYPa, AKICTh MOPEIIPOIYKTIB;

— €MHICTh:  KUIBKICTh  Ta MOPCBKMX  KUBHX

— TloTok: yi10BH, KIJIBKICTH JIFOYMX PUOOTOCIOIAPCHKUX CY0D’ €KTIB.
y ) p p Y
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— Kopucts: noxia Big pubaibcTBa, po0O0Ui MICIls, CIIIIBHOTH, SKi 3aJIeKaTh BiJl
pubanbcTBa.

B po6orti [1] BU3HAYCHO HACTYITHI OCHOBHI KJIACH €KOCHCTEM MOPS B MeXkax
Hii 5 Crparterii €C moao 610pi3HOMAHITTS:

— TepexiaHl BOIu;

— TIpuOEpEkHI BOAM;

— 1menbGhOoB1 BOJIH;

— BOJIM BIIKPUTOI'O OKEaHY.

Knacudikariisi MOPCBKMX €KOCHCTEM CIUPAEThCSl HA BUJIJICHHS 30H 3
PI3HUMHU TJIMOMHAMU 1 KOPEJNIOE 3 EPEBAKAOYMMHU TUIIAMHA MOPCHKUX TMPHUPOJIHHUX
cepenoBuil, Buxoasun 13 PamkoBoi [dupexktuBu €C mpo MOpPCBKY CTpaTeriio i
TUMI3AIi MOpPChKUX ocenumy, mnpuitHAToi B €C, BiamoBimHo mo EUNIS i
EUSeaMap. Bukopucranns kiacugikamii exocucTem, mnpenctaBieHoi B [1],
MIPOTIOHYETHCSI B AKOCTI OCHOBM JIJIsl 3ICTaBJICHHS €KOCUCTEM B €BpONEHCHKOMY
MacmTadi HIIsiXoM nopiBHAHHS ekocucTteMHux TumiB 3 EUNIS ingopmauiero. [Jani
KJIAaCH JI03BOJISIIOTH BUKOHATH TOCTIOBHY OIIIHKY Ha €BPOIEWCHKOMY pPIBHI 3a
JTAHUMHU BIJTIOBITHO IO MICIEBHUX HAI[IOHAIBHUX Ta €BPOMEUCHKUX KA.

[HAMKaTOpU perysroBaHHS MOPCHKHX €KOCHCTEMHHX TOCITYr 0a3yrOThCs Ha
JAHUX SIKOCTI MOPCBHKMX BOJ, OTPUMAaHUX B PE3yJbTaTi CIIOCTEPEKEHb abo
MOJICTIOBaHHS 1, TAKUM YMHOM TIOKa3ylOTh CIIBBIJHOIICHHS MOKa3HUKIB CTaHY
€KOCHUCTEMH 1 MOXJIMBOCTI HAJaHHS EKOCHUCTEMHUX TMochyr. IcHye Benmuka
KUIBKICTh TIPOTAJIMH B JIaHWX, OCOOJIMBO NJIsi OLIHKK KYJIbTYPHUX €KOCHCTEMHHX

MOCJIYT.
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1.2 Tlepemik €KOCHCTEM IiBHIYHO-3axigHOTO Mienbdy YOpHOro Mops, IO

HaJIal0Th €KOCUCTEMHI MOCIYTH, BIAMOBIIHO 10 Kiacudikaii €C

CrpolieHa cxema paioHiB, Ui 3pYYHOCTI 3[IMCHEHHS BUOIpKM JaHHUX 3
eKOJIOTIYHUX 0a3 JuIg OIIHKA CTaHy MOPCBHKUX ekocucteM paiiony I[13UM,

BIJINOBIJIHO [22], BiioOpakeHa Ha pUCYHKY 1.2.

30°0'0"E 30°30'0"E 31°0'0"E 31°30'0"E 32°0'0"E 32°30'0"E 33°0'0"E 8
1 1 1 1

46°30'0"N=1-

46°0'0"N=1

45°30'0"N=fzay

45°0'0"N

Pucynok 1.2 — KBasziognopiani paiionu [13UM [22]

TakumM YMHOM 3a JaHUMH BHUKOHAHOTO TiIPOJIOTO-TIAPOXIMIYHOTO Ta
reorpadiunoro paiionyBanHs [I3UM [22] BUAIAIOTBCS CIM CKOCHCTEM SKi B
OB Mipl OB’ sA3aH1 3 TUVITAHKTOHHUMU OpraHi3MaMu, M’ sITh 3 SIKUX BITHOCSATHCS
0 TpUOEpPEeKHWX, OJHAa TMepexigHa meahdoBa 1 ogHa OOyMOBJICHA BOJAMH
BIJIKPUTOTO MODSI.

Exocucremu He € aOCOMIOTHO HEMPOHUKHUMH 1 HaKJIaAat0ThCS OJJHA HA OJHY
K 3a Maciurtabamu, Tak 1 3a 00'€qHAHMMH O3HAaKaMH CYKYMHOCTI OJXHOPITHUX
MOKA3HUKIB,  HAMNpUKJIaJ  CTPYKTypu  OioreorneHosy, JaHamadTHOI  Ta

reoMop(hOJIOTIYHOT CTPYKTYPH, 00 CTYIEHI0 KOHTUHEHTAIBHOCTI KITIMATYy.
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Sk BIIMIYATIOCh BXKE BUIIE, 0 10 MPUOEPEKHUX MOPCHKUX €KOCUCTEM CJIi]T

BIIHECTH TpUOepexkHl OyXTH, MOPTH, MPOTOKH, €CTyapii, TUpJia pivoK, JIMMaHHU,

coJIoH1 Mapiii Ta iHme. ToMy BpaxOBYIOYHM II€ BHU3HAUCHHS, MOJaji J00aBUMO

BIJIHOCHO JIOKaJIbHI €KOCHUCTEMH, SIKI BIJHOCSTHCS JIO TOIIUPEHUX MPHOEPEIKHUX

eKOCHCTEM, M0 OTpPUMaHi

paiionyBanHsaM [13UM.

3a TiIpOJOrO-TIAPOXIMIYHUM Ta TeorpadiuHum

3aranpHuit nepenik Mmopcbkux ekocucteM [13YM nHaBeneno B Tabu. 1.2.

Tabnuus 1.2 — Iepenik MOPCHKUX €KOCHUCTEM sIKi 3a0€3MeUy0Th OCHOBHI

€KOCHCTEMI MOCITYTH

Y MoBHHH Exocucrema XapaxTepuc- [IpumiTka
HOMED THKA
1 JlyHaliCbKOr0 pailony [lepexigHa
1.1 HenbTn rupa Jlynaro [Tepexigna biocdepruii 3amoBiTHUK
1.2 OctpoBy 3miiHuit OctpiBHa 3arajpHO 300JI0T1UHHUH 3aKa3HUK
1.3 ITopty YcTh-JlyHalCbKUI [Ipubepexxna | [lpupogHo-aHTponOreHHa
2 JIHiCTPOBCHLKOT0 paiioHy [TpubepexHa
2.1 Ty3510BCHKIX JMMaHIB [Ipubepexxna | [Ipupoanuii napk
2.2 JIHICTPOBCBKOTO JIUMAHY [lepexinHa
2.3 [Topty binropon-/lnictpoBchkuii | IlepexinHa [IpupoaHO-aHTPONOTeHHA
3 Jninpo-by3bkoro paiiony [TpuGepexna
3.1 ITopty HopHOMOPCHK [Tpubepexna | [IpupogHO-aHTpOIIOTeHHA
3.2 [Topty Oneca [Tpubepexxkna | [IpupogHO-aHTpONIOTEHHA
3.3 [Topry KOxHui [Tpubepexna | [IpupogHO-aHTpOIIOTeHHA
3.4 bepe3aHchKOTO TMMaHy [lepexinHa
3.5 Jninposcbko-by3bkoro mumany | IlepexigHa
3.6 [Topty OuakiB [Ipubepexxna | [lpupogHo-aHTpOHOreHHA
3.7 SAropauipKoi 3aTOKU [Tpubepexna | biocdepHuii 3anoBiAHUK
3.8 TeHapiBchbKOi 3aTOKU [Tpubepexna | biocdepHuii 3anoBiAHUK
4 KapkiHiTchbK0i 3aTOKH [Tpubepexxna | boraniyHMil 3aKa3HUK
4.1 JDxapunranpkoi 3aTOKU [Tpubepexna
4.2 [Topty CkagoBCBK [Ipubepexxna | [IpupogHo-aHTpoOHOreHHa
5 Kanamitcbkoi 3aTOKH [Tpubepexna
5.1 O3epa [lonysnas [Tpubepexxna | llITydno 3miHeHa
5.2 [Topty €Bnaropist [Ipubepexxna | [IpupogHo-aHTponOreHHa
5.3 CeBactononbebKiit OyxTH i mopTy | [Ipubepexkna | IIpuposHo-aHTponoreHHa
6 30Hu 3MilIyBaHHS lenbdoBa boTaHiuHui 3aKa3HUK
7 IlenTpajbHOro paiiony Binkpure

Mope
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Cnucok MOpPCBKUX Ta MPUOEPEKHUX €KOCUCTEMHHX IMOCIYT BIJMOBITHO /10

enuHoi kinacudikamii €C naBeneHo y taoi. 1.3.

Tabnuusg 1.3 — Criucok MOPCHKUX Ta MPUOEPEKHUX €KOCUCTEMHUX MOCTYT
BiZIMTOBITHO 110 €nuHOI Kinacudikaiii €C (yMOBHI HOMepa

€KOCHCTEM BiJIIOBIAAIOTH Ta0. 1.2)

Kaacu EIIMII YMOBHi HOMepa eKOCHCTEM

NoCJIyr
1 1112132 212238 [3.13.23.33.4353.63.73.84 41425 5152536

[Tocmyru, |3abesne |+ |+ + |+ |+ + + |+ + |+ [+ |+ + |+ + |+
10 YeHHS
3abe3meuy | xapuyBa
I0Th HHsA

36epira |+ |+ + + + + +
HHA Ta
3a0e3I1e
YEeHHS
BOJIOIO0

Bionori |+ |+ + |+ |+ + + |+
YyHi1
MaTtepia
I 1
Giomanu
BO

Perymioro |Ounme |+ |+ T + + + |+ +
qi HHS
MOCIYTH | BOJH

Perymo |+ |+ + + + + |+ +
BaHHS
SKOCTI
TOBITPS

3axuct |+ + |+ + [+ |+ [+ |+ + |+ + + [+ + [+
npudepe
KHHUX
30H

Perymio +
BaHHSA
KIIiMaTy

Perymio |+ |+ |+ + + + + |+ + |+ + |+
BaHHsA
[OTOIH
UX YMOB

OxeaHC
bKE
JKUBJICH
HA
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Peryinroro
ai
MIOCIIYTH

Oxeanc
BKE
JKUBJIEH
H

3abe3ne
YeHHS
JKUTTEBO
ro
[UKITY

Bionori
YHUMN
KOHTPOJ
b

KyasTypH
1 mocImyTH

CumBon
14HI Ta
€CTETUY
Hi
LIHHOCT
i

Pekpean
i T4
TypU3M

Koruitu
BHI
edextu

CymapHa KUTbKICTb
CKOCHCTEMHUX MOCIYT

11

11

10

11

11

Taxum

YMHOM

3a

T1APOJIOTO-T1APOXIMIYHUMH,

010JIOTIYHUMH

i

reorpadiuHuMu o3Hakamu BuauigeTbess B [I3UM 21 ekocuctemu B 7 oKpeMux

paiioHax, 110 3a0e3Meuyl0Th OCHOBHI €KOCUCTEMHI MOcayru. HalO1abIny KiabKICTh

E€KOCHUCTEMHUX TOCIYT 3a0€3MeUyI0Th €KOCUCTEMH THUPJIOBUX Ta MEPEXiIHUX 30H

Hynaiicskoro, JlHicTpoBcbkoro, [Hinpo-by3pkoro pailoHiB.
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1.3 Cran YopHoro mops 3a aeckpuntopamu upektuBu €C npo MOPCHKY

CTpaTerito

Sk Oyno mokazano B [23] mepmum etanoMm MoOyIOBU CUCTEMHU YIPaBIiHHS
SKICTIO MOPCBKOTO CEpPEIOBHUINA € TPOBEACHHS MOMepeaHboi (0a30B01) OIMIHKU
€KOJIOTTYHOTO CTaHy MOPCHKOTO JIOBKIIIA 32 1IMKATOPMHU KOXKHOTO 3 JIECKPUTITOPIB
Hupextuu €C po MOPCHKY CTpaTETiio.

YacTtkoBo Taka orfiHka Oysna BukoHaHa y 2016 — 2018 pp. YkpHIIEM sk B
Mexax OIO/UKETHOI TEeMaTHKH, TaK 1 B paMKax MIDKHAPOJHHMX TMPOEKTIB, SK1
(d1HaHCyBanuCh MDKHapoJHMMU opraHizamisMu ta €C. B mpomy migpo3aim
y3arajJibHeH1 pe3yJbTaTh OIHKH €KOJIOIYHOTO CTaHy MiBHIYHO-3aXiTHOT YaCTHUHU
YopHOro Mopsi.

Exosoriyni HaciiIKu aHTPOIMOTEHHOrO 3a0pyIHEHHS CTAHOBIATH LIUIMN
KOMILJIEKC SIBUI, HAMOUIBII CYTTEBI 3 SKUX — IMporpecyroua eBTpodikalris,
HAaKOMWYEHHSI XIMIYHMX TOKCHUKAHTIB Yy PpI3HUX KOMIIOHEHTaX EKOCHUCTEMH,
3HIDKCHHSI ~ O10JIOTIYHOT ~ TIPOJYKTUBHOCTI,  MIKpOOIOJIOTiYHE  3a0pyAHEHHS
npuOepexHUX BO/I.

MacoBuii po3BUTOK JAESKUX BUJIIB IUIAHKTOHHUX BOJIOPOCTEH 1HOJI CArae
CWJIM «4E€PBOHUX MPUIUIHBIBY, KOJU 1X KOHIIEHTpAIisl B IOBEPXHEBOMY IIIapi BOAU
nepesuntye Ha 15 r/m® 10 20 /M. Tlpu npoMy yrpymyBaHHS 300IUIAHKTOHY, IO
PO3BUBAETHCS B 30HAX TAKOT'O «UYEPBOHOTO NMPHUIUIMBY», SIK MPaBWIIO, HE B 3MO31
CTIOKUTHU 1 TIEPEPOOUTH MaCy OpTraHIYHUX PEUOBHUH, IO MPOAYKYE (PITOMIAHKTOH.
Hapnuiok HECHo>KMBAaHOI 300IJIAHKTOHOM OpPraHIYHOI PEYOBMHU BOJOPOCTEM
HAKOMMWYY€ThCSI B TOBINI BOAW 1 OUIS JTHA, CTBOPIOIOYM 3arpo3y BTOPHUHHOTO
OpraHiyHOro 3a0pyAHEHHS.

BuiioBu pu6 3acBiguyloTh ICTOTHI 3MIHM Y iX BHJOBOMY CKJIaJi. 3Ha4HO
30UTBIIMIacST MUTOMa Bara ApiOHOT puOu. [lpw 3HWKEHHI YJOBIB OCETPOBHX,
CKyMOpii, MelaMHuId, JOCOCAd JIOMIHYIOYOro 3HauyeHHs HaOyBae HIMNPOT, Xamca,

CTaBpU/a, K1 CTaHOBIATH Ounbine 80 % 3arambHOro BUJIOBY. Temep yepes3 HU3bKY
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YUCENbHICTh MPUIUHEHO MPOMMCIOBUNA BWJIOB capraya, KamOaJd-KaJIKaHy,
aydaps, a Taki MPOMHUCIOBI BHUIHU, SK OCETp aTIAHTUYHUH, CKyMOpis 30BCIM
3HUKJIM 31 ckiany ixriodpaynun Yopuoro mops. IlpuumHM 3MeHIIEHHs 3amaciB —
MOTIPIIEHHSI SIKOCTI €KOCHUCTEM, IMPUPOJHA CMEPTHICTh, THUCK XIKaKiB Ta
nepenpomucen. KpiMm Toro, mpu mocTynoBOMy 3MEHIICHHI BUJIOBY LIIHHUX BH/IIB
pub 3pocTae BUAOOYTOK MEHII IIIHHUX, A€ TaKuX, 110 CIyXaThb KOPMOBOIO 023010
JUISA IIIHHUX BUIIB.

Y 3B’3Ky 13 3a0pyAHEHHSM MOpPIB PI3KO TOTIPIIMINCS MOXKIHUBOCTI
rOCIOAAPCHKOTO 1 peKpealifHoro BUKOpUCTaHHs y30epexoks. Kpim 30uTKIB st
pUOOTrOCIONIapChKOi  Tally3i, aHTPONOreHHa eBTpodiKallisi MOPCHKUX BOJ
CIPHUYMHSAE BEJIMKI BTPATH B IHIIKX Tally3dX €KOHOMIKHM Ta colLlaJibHOI cepu. 3a
EKCIIEPTHUMHU OLIIHKAMHU, €KOHOMIYHI 30MTKHU BIiJ TMOPYLIEHHS CTaHy JOBKIJUIS
YKpaiHChKOi 4YacTUHU A30BChKOro 1 YOpPHOro MOpIB CTaHOBIATH HIOPIYHO
1,7 mapn. rpH. [24]-[38].

Jist nmoOynoBu €(QEeKTUBHOI CHCTEMH YIIPABIiHHSA SKICTIO MOPCHKOTO
JTOBKULISE BiAnoBigHO 70 BuMor MSFD HeoOXigHO BHAUIUTH KBa310JHOPIIHI
palioHM, XapaKTePUCTUKH SKUX 3aJeXKaTh BIJ BILAOMHUX (DAKTOpIB BIUIMBY SK
IPUPOAHOTO, TaK 1 AHTPONOTeHHOro NOXOMkeHHs. B poboti [31] B mexax
akBaropii [I3UM BuaineHo 7 Takux KBa310AHOPIAHUX pPaHOHIB Ui HaWOLIII
OOIIUPHOI aKBAaTOPii YOPHOMOPCHKOTO IIeNb(y — MIBHIYHO-3aX1IHOI YACTUHU
Yopuoro mopsi. Okpemo OyJiu BUJUICHI OJHOMWIBHI 30HU MPUOEPEKHUX BOJ
BinoBiIHO 10 Bomuoi pamkoBoi dupextusu EC. Jlane paltoHyBaHHS HaBEACHO Ha
puc. 1.2. OxkpeMo BHjJICHa aKBaTOPis TIUOOKOBOHOI 30HM YopHOTO MOpS, siKa
BIJIOKpEMITIOEThCA 1300aTo10 200 M.

B po6oti [39] HaBeneHo aHaii3 €KOJOTIYHOTO cTaHy YOpPHOro MOps SIK 3a
MOKa3HUKAaMU O10pI3HOMAHITTSA, TaK 1 CTaHy MOPCBKOTO cepeaoBHINa. SIKIo
PO3TJSIHYTH Yepe3 MPU3MY JECKPHUIITOPIB KOXKEH 13 BUAUICHUX KBa310HOPIAHUX
paiioHiB, TO MOGaYeMO 10 MPOCTOPOBUI PO3MOALT €KOJIOTIYHOIO CTaTyCy B MeXax

[13UM € HeoJHOPITHUM 110 KBa310JHOPIHUM paiioHaM, BuaIeHuMH y [31].
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BusHaueHuil €KOJOTIYHUN CTATYC JIJIsI KOXKHOTO 3 PET10OHIB JJI1 BU3HAYEHUX

JECKPHUTITOPIB HaBeZieHO y Tabm. 1.4.

Ta6muis 1.4 — Exonoriunmii ctaTyc a1 kBa3iogHopiaHux periodis [13UM
(cipuM BHUILICHI KJIITKH, IJIs SKUX €KOJOTTYHHMM CTaTyC Ha

TENepilIHii 4ac He BU3HAYCHO)

Muinpo 3oHa Lentpa

HiCTpO aiic . !
Jeckpunrop — by3b- A P HyHu 3MilllyBa | JbHHH
BCBKUH | BKHil

CBKHH HHS aloH
D1 — Biomoriuna
PI3HOMAHITHICTb

D2 — Buau BceneHmi
D3 - [IpomucoBi Buan
D4 - Xap4oBi JaHIioru
D5 - EBtpodikaris

D6 — JlonHi 6iotieHO3U
D7 — T'inpodizuuni
XapaKTePUCTUKHU

D8 - 3abpynHeHHS

D9 — 3abpynHenHs pudu
Ta MOPENPOAYKTiB

D10 — Mopchke cMITTsS
D11 — Enepreruune
3a0pyTHEHHS

3arajbHa OLiHKA

Sk BuAHO 3 TAOMMIN 3arajbHa OI[IHKA JUISI KOXHOTO 3 PETriOHIB, fKa
BHU3HAYAJIach K HalTimia 13 BCIX BIAMOBIAAE KiIacy «Jyxe moraHo». HeobximHo
BIJI3HAYUTH, II0 OIlIHKa 3po0JjeHa 3a JaHUMM eKCHeAuIlli, sika Oysa MmpoBe/icHa B
TpaBHi 2016 p. B Mexkax npoekty EMBLAS II. 3po3ymisio, 10 mpoTSAToM poKy
CTaH MOK€ 3MIHIOBATUCH, TOOTO JJIs OI[IHKH MOTPIOHO OyJI0 O KOXKHOTO THXKHSA 200
MICSIIS 3/1IMCHIOBATH YBECh KOMIUIEKC CIOCTepekHb. Ha TenepimHiil vac, 1e € He
MOXXJIMBHUM 3 OIJISIAy Ha HEoOXiaHi (iHACOBI 3aTpaTH Ha EKCHEAMINIIHI
JOCIIKEHHSI. MeTo/T MaTeMaTUYHOTO MOJICTTIOBAHHS € TUM 0a3MCcOM, SIKUH MOXKE
JOTIOMOITH OILIIHUTH CTaH MOPCHKOI E€KOCHUCTKEMHM Y BHMAAKy BIJCYTHOCTI

PETYJIPHUX CIIOCTEPEKEHbD.
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1.4 dakTopu BIJIMBY Ha CTaH MOPCHKUX €KOCUCTEM

Ha exomoriyHmii cTtaH BOJ MUIKOBOAHOTO MHIeAb(y 1 IX TiIpOIOTIYHUH,
TAPOXIMIYHMM 1 G10JIOTIYHUN PEKUM 3HAYHO BIUIMBAIOTH aTMOCGEpHI MPOIECH,
Kl OOYMOBIIOIOTH (OpPMYBaHHS pPEXKUMY BITpY, TEMIEpaTypu MOBITPA,
aTMoc(epHHUX OMaiB, CTOKY PIYOK 1 BIIMOBIAHO PEXKUMY TEeMIEPATypH, COIIOHOCTI
BOJI 1 TEUIH.

B cydacHuii mepiof, sIK Bxe BiAMidanoch B OaraThbox po0OoTax 1 30Kpema
B [40], xonmuBaHHs K1iMaTy Yy A30B0o-HOpHOMOPCEKOMY OaceiHi XapaKkTepU3yeThCs
HiJABUIICHHAM CEPEIHbOI PIUHOI TEMIEPaTypH MOBITPs, IO 100pe BUSIBIISETHCS 3a
JaHuMu OarartopiuHux croctepexkenb (1866-2016 pp.) Onpecbkoi oOcepBaropii,

B1JI0Opa)KeHO Ha pUCYHKY 1.3.
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Pucynox 1.3 — baratopiuyna MiHJIHBICTh CEPEIHBOI PIYHOI TEMIIepaTypu

noBiTps Ha 13111 UM B Opeci

V 2016 p. cepemus piuna Temmeparypa nositps Oyma Ha 1,34 “C Buime
BiZHOCHO cepennboi kimiMaTnunoi (1866-2016 pp. 10,15 °C). B piunomy xomi

M1JBUIICHI 3HAYEHHS TeMIIepaTypH MOBITPs 3 MEPEBUIICHHSIM CEPEIHIX MICIYHUX
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KJIIIMAaTUYHUX 3HAYEHb CIOCTEPITAIUCh Y JIOTOMY-KBITHI 1 B MEPioJl 3 YEPBHS IO
Bepecenb. B moromy (T = 4,3 °C) i ksitai (T = 11,3 "C) cepenns micsuna
TEeMIepaTypa Maike JIocsiraja eKCTpeMalbHUX 3HaueHb 3a OaraTopiuyHuil mepioj,
BinmnosingHo, B mortomy 4,7 'C — 2002 p. i B ksitai 11,8 'C — 2013 p., mo

BiIOOpaKeHO Ha PUCYHKY 1.4.
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Pucynox 1.4 — Piunawmii X171 cepelHbOi MICAYHOT TEMIIEPATYPH MOBITPS

Ha menbdi 1311 YM y 2016 p.

B 2016 pomi mepeBaxana MepuAiOHAIbHA CKJIaJ0Ba BITPOBOTO IMEPEHOCY
MOBITPSHUX Mac, ajie B OKpeMi MICAILl MaJld MepeBary sk MiBHIYHO-3ax1JHI, TaK 1
MIBHIYHO-CX1/IHI BITpH. B miyloMy 3a pik cyMapHUW MEpPEeHOC MOBITPSIHUX Mac
criocTepiraBcs 3 MiBHOYI 0 MiBAHSA. Taki yMOBH B pEeXKHUMI BITPY BIIMIYAIOTHCS B
cydacHuit epioa 3 2011 poky, BimoOpaxeHo Ha PUCYHKY 1.5.

B OararopiuHiii MIHJIMBOCTI TMEPEHOCY TMOBITPSHUX Mac TaKOX
CIIOCTEPIra€eThCs TEHACHIS JO0 3MEHIICHHS CEpPeaHbOI PIYHOT IMIBUAKOCTI,
BU3HAYCHOI 32 BEKTOPHUMH CKJIAJIOBUMU, B11I0OpakeHO Ha pucyHky 1.6. Y 2016 p.
cCepeaHs MBUJIKICTh MepeHoCy MoBITpsiHUX Mac 0,86 m/c Oyia Ha piBHI CEPEITHHOTO

OaraTopiyHOTO 3HAYEHHS po3paxoBaHOro 3a mepiog 1981-2016 pp., ke ckianae



0,87 w™/c. IlocnabaeHHs

CUJIM BITPYy B YKPaiHCBKOMY CEKTOpi
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A30BO-

YopHoMmopcbkoro OaceilHy 3a JaHMMHM CIOCTEpEKEHb B CYYacHHM Tmepion

BiMiYaJIoch 1 B poOoTi [41].

MporpecusHa agiarpama

BiTpOBOry nepeHocy NoBiTpA no Mmicauax y 2016 p.
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Pucynox 1.5 — IlporpecuBHa niarpama MiCSSYHOTO MEPEHOCY MOBITPS

y 2016 p. i piuroro nepenocy noBitps B 1981-2016 pp.

Mopaynb nepeHocy NOBITPAHUX Mac, M/c
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Pucynox 1.6 — baratopiyda MiHJIMBICTh CEPEIHBOT PIYHOT ITBUKOCTI

NEePEeHOCy MOBITPSIHUX MacC

AtMocdepni onaau y 2016 p. 3a nanumu Opecbkoi o0cepBaTOpii 10CATaIN B

OpecbkoMy perioHi makcuma 752,7 MM 3a Mepioji CIOCTEPEKEHb MOYMHAIOUU 3

1867 p. 3a GaraTopiyHUMH JAHUMHU CHOCTEPITAETHCS TEHACHINS O TiABUIICHHS
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piuHoi cymu omnajiB 0,63 MM/pikK, Bi1oOpakeHO Ha pUCYHKY 1.7. Y piuHOMY Xo.i

omajaiB, M0 TMEPEBUINYBAIM CYMH MICSI4HOI KuUIbKOcTi 100 MM, BigMIYaiauch y

2016 p. B ciuHi, BepecHi 1 )KOBTHI, mpu MakcumyMi 180,2 MM y KOBTHI.
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a) MIHJIMBICTh PIYHOI CYMH aTMOC(EPHHUX OMa/iB;

0) MIHJIUBICTh MICS'YHOI CyMU aTMOC(EPHHUX OMa/IiB.

Pucynox 1.7 — MiHJIUBICTB p14HOT CyMH aTMOC(HEpPHUX OB y Nepioj
1867-2016 pp. 1 MicsIuHOT CyMH aTMOC(EPHUX OTIaliB
B 2016 p.

Ha pexum comonocti Boa [1311 UM 3Ha4HO BIUIMBAE PIYKOBHM CTIK, SKHIMA
CKJIaJla€ B IIbOMY paiioHi moHaa 79 % Big cymapHoro cToky pidok UM. IIpu npomy
npu cepeaaboMy croui pidok II3II UM Gims 252,5 xm®/pik Ha momo JlyHaro
npunajae noHazg 82 %.

Piunwmii crik HalO1b11 moBHOBOAHUX piuok 131 UM y 2016 p. OyB Tpoxu
niguineHuM B JlyHai Ha 2,6 KM® BiIHOCHO CEpPEIHBOTO 06AraTOPiYHOIO CTOKY
1947-2016 pp. i 3HauHO noHMKeHUM Ha 12,3 xm° y [lminpi. B minomy piunmii cTik
Huinpa 1 [{yHaro BusiBis€ cinabuii 3B’s130K 3 KoeditientoM kopensmii 0,42 (mpu
99 % piBHi 3HaunmocTi 0,26), ane TeHAeHINT iX pi3Hi. ko piunuii ctik JlyHaro
NposIBIA€ TEHJEHIIIO A0 MmigBumeHHs, npubmisHo 0,24 xm®/pik, To ctik JHinpa
Ma€ He3HAuHy TEHIEHIIIO0 0 3MeHIIeHHs cToKy - 0,095 kM*/pik, 1m0 BimoOpaxkeHo

Ha pUCYHKY 1.8.
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Pucynox 1.8 — baratopiyda MiHJIMBICTh PIYHOTO CTOKY piuok JlyHaH 1

Juimpo

B 2016 p. MakcumMyM NaBOJAKOBOrO CTOKY BoJ JlyHaro BiamivaBcs B OepesHi,
a JIHinpa BiAMOBIAHO GaraTopivyHiil KJIIMaTUYHIN XapaKTepUCTUKU — B TpaBH1. CTik
IyHaro B GepesHi 30,8 kM® 3HAYHO IIEPEBHUILYBAB CEPENHE 0araTOpiuHEe 3HAYECHHS
nporo micans 20,8 kv, B inmi micsmi 2016 p- cTik JlyHaro KoiauBaBcs OJU3BKO J10
OaraTopiuHMX 3Ha4YeHb, a CTIK J[HIMpa Ha TPOTA31 yChOoro poky OyB MeEHIIe

CEepellHIX MICAYHUX OaraTopiyHMX XapaKTEepUCTHUK, IO BiOOPAKEHO Ha

pucysky 1.9.
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Pucynok 1.9 — Piunuit Xix MiHIMBOCTI CTOKY piuok JyHaii 1 JJxinpo
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BianoBigHO CTOKY PIYOK 1 BITPOBOTO PEXKHMMY, CEpEIHS PidHA COJIOHICTH
noBepxHeBux Boj B Opecwkiit 3artoui [I3II YM Oyna menme (Ha 1,12 %o)
14,45 %o

CIIOCTEpEeXEHb TiapoMereoposioriunoi cranmii Opeca mopt 1948-2016 pp. B

BIIHOCHO CEpPEAHBOTO0 0araTOpiyHOrO0 3HAYCHHS 3a JaHUMH
piYHOMY XOJ1 TIOHIKEHI CepelHl MICSYHI 3HAYeHHS COJOHOCTI Boau B OmechKii

3aTOKl CIIOCTEpPITaiUCh Ha TPOTA31 YChOTO POKY, 30KpeMa TpyIaHS MpHU
nepeBakaHH1 MIBHIYHO-3aX1JIHOTO HAMpPSMKY BITPY. 3HAYHO IMOHUXKEHA CEpPEeHS
COJIOHICTh BOJAM, BIAHOCHO OaraTtopiuHMx TmOKa3HHWKiB, Ha 3,1 %o 1 2,3 %o
criocTepiraiach B Y€pBHI 1 JIMITHI BiJIIOBIIHO.

B GararopiuHili MiHJIMBOCTI BH3HAUYa€ThCS JesSKa TCHACHIIS 10 3HMKCHHS
cepeaHboi piuHoi cojoHocTi Bogu — 0,02 %o y pik, BIAMOBIAHO A0 TEHJEHIIIT

MJBUIIEHHS CTOKY JlyHato, BitoOpaxkeHo Ha pucyHky 1.10.
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a) MIHJIMBICTh CEPEIHbOI MICSIYHO1 coJIOHOCTI B 2016 p.;

0) MIHJIUBICTh CEpEIHBOT PIUHOI COIOHOCTI B epiof 1947-2016 pp.

Pucynok 1.10 — MiHIMBICTh CEPEIHBOT MICSIYHOT COJIOHOCTI BoJT O1eChKO1

3atoku B 2016 p. 1 cepeAHbOI PIYHOI COTOHOCTI B MIEP10JT

1948-2016 pp.
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Ha wmopcbke cepenoBullle 3HAYHO BIUIMBAIOTh CKHAM CTIYHUX BOA 3
Ha3eMHUX JpKepesl (HaceleHl IMYyHKTH, MPOMHUCIOBI 00’€KTH, MOPTH 1 IMOPTOBI
ciopyau), mo Oe3nocepenHbo Haaxonarh y Yopue 1 AzoBceke Mmops. Ha
YopHOMOPCHKO-A30BCHKOMY y30epeiiki po3MilieHo Oiabiie 20 aaMiHICTpaTHBHUX
paifoniB  Opnecpkoi, MuxomnaiBcbkoi, XepcoHChKOI, 3amopizbkoi, JloHenbKoi
obnacteir Ta ABToHOMHOI PecyOmiku Kpum, 1m0 skux Hamexarb NECATKA MICT 1
BEJIUKHUX MTPOMHCIIOBUX KOMILIEKCIB.

['ocnoapcbko-moOyTOB1 CTIYHI BOJM 3a CKIAJAOM AYXE PI3HOMaHITHI: KpiM
OpraHIYHUX PEYOBHH BOHMU MICTSTh 0araTo IHIIMUX CHOJYK, 3HaYHE MICILIE Cepej
SAKUX 3aMarOTh JIETEPreHTH, 1110 TPUCYTHI B MUBHUX 3aco0ax. Taki CTOKU BHOCSTH
B MOPCBKE CEpElOBUIIE B PO3UYMHEHOMY 1 3aBUCIOMY CTaHI pPEYOBUHH,
KOHIIEHTpAIlli SKUX HE BIACTUBI MPUPOJHUM BOAaM, OCOOJMBO OpraHivyHi 1
MiHepaibH1 (OloreHHi) cmnoiayku. Lle — KOHILIEHTpOBaHI CTOKHM, HE po30aBiieHI
pPIYKOBUMH BOJIaMH, O1IbIIIa YACTUHA SIKUX O€3MOCEPEHbO BUIYCKAETHCS B MOPE
0e3 OyIp-SKOro OYMILIEHHS a0o0 MiCis YaCTKOBOI'O MEXaHIYHOI'O OYHIIEHHS, 10
TOTO X Y BYy3bKy npuoOepexny 301y mupuHoto Big 500 m 1o 1000 M Bix Gepera, 1110
MIPU3BOIMTH JI0 ii 3a0pyIHCHHS.

Kapra «AHTpomoreHHe HaBaHTaXXEHHS y mpuoOepexHid 30H1 YopHoro
MOps», IO TNpenacraBieHa Ha pucyHky 1.11, wmictuth iHdoOpMamio 1moA0
MOKa3HHMKIB aHTPOIOTEHHOTO HABaHTAXXCHHS BiJ NpuOepekHux odOnacter [42].
Jlo 1MX MOKa3HUKIB BIJHECEHO JaHHI II0AO0 CKUJAHHS 3a0pYyIHIOIOUHNX PEYOBUH 13
3BOPOTHUMH BOJIaMu (THIC. T.), BUKHAM INKIJIMBUX PEUOBHH B arMmocdepHe
MOBITPS BiJl NEPECYBHUX JKEpeNa (TUC. T.), YUCEIBHICTh HaceJeHHs (THC. 0cid),
mwioma cubrocnyriib (y % Bi 3arajbHOi IUIONI 00JacTi), YHMCENIbHICTh
03JI0pOBIICHHX OC10 (THC. 0¢i0).

Takox 1g KapTa MICTUTh JaHHI HIOJI0 BMICTY OIOT€HHHX pPEYOBUH Y
NPUIOHHOMY IHapi MpUOEpPEekHOI MOPCHKOI BOAM 3a MOKasHuWKamu: Qocdarwy,
3aranbHui Ghocdop, HITPUTH, HITPATH, aMOHIM COJILOBHM, 3arajIbHUN a30T, a TAKOXK
MICTUTh JaHHI 1070 (OHOBUX PIBHIB KOHIIEHTpaIllii 1IHMX peuyoBUH. Ha kapty

HAHECEHO JIaHHI Mmoa0 abpasii 6eperiB (MBUIKICTH BIACTYITY. M/PiK), TaHHI MO0
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3CyBHIX OeperiB. Ha mami HaBeneHO AaHHI 100 €po3ii y IpuOepekHUX paioHax
(% Big ol po3opaHuX 3eMenb). Ha mami mpencraBieHO paiiOHU 1MOBIPHOI

rinokcii (monax 40 %, 60 % Ta 80 %).

YMOBHI no3HaueHHsa
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Pucynoxk 1.11 — Kapra « AHTpOIIOTreHHE HaBaHTAKEHHS Y IPUOEPEKH1N 30H1

Yopuoro mops» [42]

Kapra «ToukoBi mxepena 3a0pyaHeHHS mpuOepexxHoi 30HM YopHOTO
MOpsi», IO TNpeacTaBieHa Ha pucyHKy 1.12, wmictuth iHQoOpMarlio 1010
po3TaIntyBaHHs y MPUOEPEKHIN 30HI OCHOBHUX BUITYCKIB 3BOPOTHHUX BOJ (Bix 53-x
BUITYCKIB 3BOPOTHUX BOJ). Mama MICTUTh JJaHHI II0JI0 CKHUJI1B 3a0pyHEHUX BOJI 3a
perioHamu (MJIH. Ky0. M), TakoX Mara iHGopMallilo 010 CePeIHIX BUTPAT BOAU
roJIoBHUX piyok Ykpainu ([lynai, {nictep, byr, ninpo), sxi BnagawoTs y YopHe
Mope (Ky0.m/c), Macu pedoBUH (T/piK), 10 HAAXOAATH 10 YOpHOTO MOPS 31 CTOKOM
TOJIOBHHX PIYOK 3a HACTYNHHMHU TOKAa3HUKaMU: a30T aMOHIMHMIA, HITPUTH,

HiTpatH, pocdatu, pocdop 3aranpauit, BITIK-5. Mana MicTUTh AaHHI 1IOJ0 BMICTY



30
BAXKKHX METAIIB y TKAaHAX MIJIIM 3a MOKa3HUKAMHU: PTYTh, KajJMid, MHMII K,
CBHHEIlb, MiJb, IMHK. EKOJOTiYHa KapTa TaKOXX MICTUTh 1HGOpMAII0 1010
BUKHJIIB 3a0pyAHIOIOYMX PEYOBUH y aTMoc(epHEe MOBITPS BiJ CTalllOHAPHHUX
JOKEpen 10 MOKa3HUKaM: JIOKCHJ CIpKH, JIOKCHJ a30Ty, METaH, OKCHJ[ BYTJICITIO,
JTIOKCHJ BYTJICITIO, JIETKI OpraHiuHi cnoiyku. OKpiM TOTO, HaBEICHO JaHHI 010
BUKHJIIB 3a0pyAHIOIOYMX PEUYOBUH y aTMoc(epHEe MOBITPS BiJ CTalllOHAPHHUX
JOKepen 3a okpeMuMH Mictamu (tuc. T): LmiviBeek, Opneca, FOxxne, Mukonais,
Xepcon, Apmsaachk, KpacHonepekorncek, fnrta, Cimdepomnonb, Kepu, KoToBChK,
bepesiBka, Omnbmanceke. [lo mpubepexxHux 005acTAX HaBEIEHO JaHHI IIOJ0

HassBHOCTI BinxoxiB I-1II kimaciB HeGe3neku (THC. T).
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Pucynok 1.12 — Kapta 3 «ToukoBi Jpkepena 3a0pyJHeHHs TPUOEPExKHOT

30Hu YopHoro mopsi» [42]

3riiHO MIKHApPOJHUX BHUMOI HIOPOKY VYKpaiHa 3BiTye YopHOMOpCHKIN
Kowmicii mo 10 odimiiHUM «rapsaum» TOYKaM MpeacTaBiieHi Ha pucyHky 1.13, sxi

Oymu BusHaueHl mie y 1996 pomi. Yorupu 3 Hux — CBO «liBuiyna», CbO
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«IliBnennay, nopt «lliBnennuit» Ta YopHOMOpPCHK — 3HaxoAsaThes B Ojechkiit

obnacTi. J[aHi 3a OCTaHHI TPU POKH MO UM 00’ €KTaM mpejcTaBieHi B Tadi. 1.5.

'_ b B 3
Reni (Dianube pefore

TOROS Agrctitural lncla sty (Kizikimak Basi)

Samsih

Pucynox 1.13 — Kapra «rapssuux» TOYOK, 32 SKUMHU Y KpaiHa Ta 1HIII1
YOPHOMOPCHKI KpaiHU 3BITYIOTh 10 YOPHOMOPCHKOI

Kowmicii

OnHuM 13 JpKepesl HaJIXOKEHHS 3a0pyAHIOBaIBLHUX peuoBUH B YopHe 1
ABOBChKE MOpSI € TaKOX IOBEPXHEBUH CTIK 3 CUIBCHKOTOCIIOAAPCHKUX YTilib.
HeparionanibHe 3acTOCyBaHHSI MiHEpajdbHUX JOOpWB, MECTULIMIIB, TEpOIUAIB,
IHCEeKTUIUAIB, (YHTIIUAIB, KpiM Oa)xxaHUX pe3yJbTaTiB, MPU3BENIO A0 3HAYHHUX
HETraTUBHUX HacHiAKiB. YacThHA IUX PEUYOBUH TPAHCPOPMYETHCS, MEPEAAETHCS
yepe3 JIAHUIOT JKUBJICHHS, 1HIIA HAIXOJWTh Yy TPYHTOBI BOJHU, MICTUTHCS B
3JIMBOBUX CTOKAaX, MOTpAIUIsi€ B PIUKU Ta O€3MOCepeIHbO B MOpe. 3 BHECEHUX Ha
cxwi 3emuti 100puB BUMHUBaeThes A0 20 % azory, Big 2 % 10 5 % docdopy, Big
10 % no 70 % xamito. Bunoc nectunuaiB 3 OorapHuX 3eMenb CTaHOBUTH 1 %, 3i
3pomryBaHux Bif 1 % 10 4 % Bix BHECEHOI KUIBKOCTI. B 1IJIOMy CTiK MalluX piuoK

BHOCUTH OJin3bko 11,6 % a30THHX IOOpHB, IO HAAXOASATH 0 BOAHUX OO’ €KTIB
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OaceitniB A3oBchkoro ta Yopuoro mopis, 13 % dochopuux mnobpus ta 6 %
IIECTULIU/IIB.

CytreBuM mxeperioMm 3a0pymHeHHs YopHOTo Mops € aBapiiiHi (3aJII1oBi)
CKU[IM, 1110 BiJOYBAIOTHCS TOJOBHUM YMHOM BHACIHIJOK CKUJAHHS CTIYHUX BOJI
IIPOMUCIIOBUX MIAMPUEMCTB Ta HACEJIEHUX IMYHKTIB, @ TaKOXX NPU 3aBaHTAKEHHI
TaHKEPIB.

OcHOBHa 4YacTKa HAJIXOJKEHHS 3a0py/HEHUX BOJ CIOCTEPIraeTbcsl B
MiBHIYHO-3ax1AHIM YacTuHi YopHOTO MOps. 3 pIYKOBUM CTOKOM, SIKHMI CTaHOBUTH
TyT 79 % 3arajJbHOr0 KOHTUHEHTAJIbHOTO CTOKY, B L€ PEriOH HaJAXOAUTh OLIbIlIa
YyacTHHA 3a0py/IHEHUX CTIYHUX BOA. Jlo HUX HayiexaTh W Oe3nocepenHl CKUIU B
Mope 3 ypOaHi130BaHUX TEPUTOPIH, MIPOMHMCIIOBUX 00’ €KTIB,
CLIbCHKOTOCTIOAAPCHKUX YTi/b.

[1ix BIJIMBOM HaBITh MOPIBHSHO HU3bKUX KOHLEHTpalid 3a0pyIHIOBAaJIbHUX
pPEYOBHH B 010LIEHO33aX MOPA B1AOYBaIOTHCS 3PYIICHHS, SIKI MOXKYTh MaTH KPUTHYHI
HACIIAKKA IJIS CTIMKOCTI MOro exkocucremu. [0 Takux 3MIH MOXKHA BIJHECTH
3MEHILEHHS] BUJIOBOTO PO3MAiTTs, MOPYIIECHHS TEMIIIB 1 CIIBBIIHOIICHHS MPOLIECIB
MPOAYKYBAaHHA Ta pO3KJIAAy OpTraHiuHUX pPEYOBUH, aHOMAJil JUHAMIKA
PO3UMHEHHS KHCHIO, TOPYILIEHHA CHUCTEMH Ol0aKyMyJidlii B YyrpylyBaHHSX.
Jocuth Benuka NMOBIPHICTh BHUHMKHEHHS TaK 3BAHOIO CHHEPIIYHOrO €QeKTy,
TOOTO CYKYIMHO1 1T XIMIYHUX PEYOBHUH MPHU KATAII3yI0UOMY BIUIMBI 3a0pyTHEHHS.

BianosinHo no0 pexkomenpaunii Pob6ouoi rpynu €C 3 iHpopMauiiHOro
3abesneuends MSFD [43] € wnHeoOxigauMm 3ampoBagutu 20 miamporpamu
CIIOCTEPEKEHD JEP>KaBHOTO MOPCHKOTO €KOJIOTTYHOTO MOHITOPUHTY BIJIOBITHO IO
11 neckpuntopiB MSFD, naBeneni y tabmumi 1.5. Jleski 3 HUX MOXYTb OyTH

00’ eHaHI.
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Ta6mug 1.5 — [epenik mianporpam crocTepekeHb 3a (akKToOpaMu BILIUBY

Ha MOPCBKY €KOCHCTEMY BIJIMOBIIHO /10 11 geckpunTopis

MSFD

Ne [Mipnmporpamu O06’ekt /
npeamer ITapameTpu JHeckpunropu
MOHITOPUHTY
1. | HanxomxeHHs OpraHi3MiB - D2
BCEJICHIIIB - 3 KOHKPETHUX JKEepel
2. |HanxomkeHHS OIOTCHHUX PSYOBHH — 3 D5
Ha3eMHUX JUKEpe
3. |HamxomkeHHs OIOT€HHUX PEYOBHUH - 3 . . D5
atmocdepu biorenni
4. [HagxomxeHHs OI0TeHHHUX PEYOBHH — 3 PCIOBHHI,
Kepelt, po3TaloBaHKuX B MODI = 3a0pyaio DS
S | rounx HanxomxeHHs
5. |[HaaxomxeHHs 3a0pyqHIOIOUYHX = . .
5 | pedosun, KUTBKOCTI Ha D8
CHOBHH - 3 aTMOC(epH s IMaTOreHHI OJIMHUIIIO TUTOIII
6. |HamxomkeHHS 3a0pyIHIOIYHX S | opranismm, | (a6o 06’emy) B D8
€YOBHUH — 3 HA3CMHUX JKEPEII g opraHi3MH - | onuHuuIO Yacy
7. |HamxomkeHHs 3a0pyIHIOIOYHX = BCEeHII,
[PEUOBHUH - 3 JDKEpEIl, pO3TAllIOBaHUX B CMiTTS, D8
Mopi mym
8. |[HanxomxeHHs 3a0pyqHIOIOUYHX
[pEeuOBHH — aBapiiiHi cUTyalii, D8
BKJIFOUQIOYH PO3JIMBU HAQTH
9. |HanxoIokeHHsS CMITTA — BiJ HAa36MHHX D10
IoKepen (piuKkoBe CMITTS)
10. | Buau BceneHui - 4nucembHICTD /200 D2
Giomaca
11. [PiBHI GioreHHHX PEYOBHH — y BOJHIN D5
roBIIIi
12. <Di3HqH? BTPATH - IPOTSDKHICT Ta Biorenmi
pO3TOAiN (HaNpUKIIaL, Bijl ‘5 | pewosunn, D6
iHppacTpyKTYpHUX 00’ €KTIB, = | 3abpyauio
MpUOEPEIKHOTO 3aXHCTY) S | toui
13. |®i3u4HI MOPYIICHHS - Bl IPUAOHHOTO 15; pedoBHHH, D6
TPAJICHHSA S | marorenni
14. |®i3uyHI MTOPYIICHHS - BiJl Z | opranizmu, N o/
ITHOTIOTTIMOTIOBABHIX POOIT Ta E bizuuni Hf;?:ﬁ;f;g;? D6, D8
TaMITiHTY & | Brpamy, S
15. |®i3u4HI MOPYIICHHS - BiJl BUTOOYTKY = | }izmuna ! Hact,
TicKy i nieOHIo i HIKOJa, KOHUCHTpaIHl D6
16. [PiBHI 320pyJHIOIOUMX PEUOBHUH - Y BOJI E [BHI00yTOK D3
Ta JTOHHUX BiJKJIaaX S | Bumis, y T.
17. [PiBHI 3a0pyqHIOIOUMX PEUOBHUH - B 2 | 1. HUBIXOM D8. D9
010Ti, Y TOMY YHCJIi B MOPETIPOAYKTAX 2 B“{TOBY]a '
18. [CMiTTsI - XapaKTepUCTHKH 1 A« | CMITTA, D10
uHcebHiCT/00CsT oym
19. [MikpouacTHHKH CMITTSI - D10
KiJIbKicTh/00CsT
20. [[TinBoaHMI IyM — IPOCTOPOBHUH D11
03I10/11J1, 4aCTOTA i PiBHI

CIOCTEpEKEHb BIANMOBIAHO 10 neckpuntopiB MSFD

Huwxue B TaOII.

1.6 HaBeneHwil mepemik KOMAIB Ta

Ha3B TMpOrpam



Ta6nuis 1.6 — [lepenik KoAiB Ta Ha3B MPOTPaM CIIOCTEPEIKEHB BIJMIOBIIHO

1o neckpunrtopiB MSFD

Kon nporpamu

Haspa nporpamu criocrepexeHb

D1, 4 Fish biopizHomaHiTTsS — prba
D1, 4 Mammals biopizHOMaHITTS - ccaBIii
D1, 4 Birds Biopi3HOMaHITTS — NTaxu

D1, 4 Water column habitats

biopizHOMaHITTS - 61011€HO3U BOJHOT
TOBIL

D1, 4, 6 Seabed habitats

biopizHOMaHITTS — 6101IEHO3U MOPCHKOTO
JTHA

D2 NIS

Bunu-scenenui

D3 Commercial fish/ and shellfish

ITpomuciioBi BuaAM pud 1 MOJIFOCKIB

D5 Eutrophication

EBTpodikariis

D7 Hydrographical changes

Iigporpadiuni 3MiHU

D8 Contaminants

3a0pyIHIOI0Y1 PEYOBHHU

D9 Contaminants in seafood

3a0pyaHIOI0Y1 PEYOBHHH B
MOPEMPOIYKTAX

D10 Marine litter

CwmirtTs

D11 Energy, incl. underwater noise

Enepris, y TOMy 4ncIi miABOAHUH IIyM

BignosigHo n0 HaBeneHux tabauinpk 1.5 ta 1.6 HeoOXiaHO 1 popmyBaTH 6azy

JTAHUX MOPCHKOTO €KOJOTTYHOI'O MOHITOPUHTY Y KpaiHH.
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30HM MOXJIMBOI BIAMOBIJATBHOCTI CYOEKTIB MOHITOPUHTY B CHCTEMI

MOHITOPUHTY 3a (akTopamMu BIUIMBY Ha MOPCHKY €KOCHUCTEMY HaBEJIECHO B

Tabymmi 1.7.

Tabmuus 1.7 — Tlepenik miamporpamM CrocTepekeHb 3a (PaKTopaMu BILUIUBY

Ha MOPCHKY €KOCHCTEMY BIJINOBIIHO 10 CyO€KTIB MOHITOPUHTY

Ne [Mignporpamu Cy0€eKTH MOHITOPHHTY
1. HanxomkeHHss opradizMiB - BCEJIEHIB - 3 KOHKPETHUX JKEPEI
P P P VxpHLIEM

HanxopkeHHs 0I0TCHHUX PEUYOBHH — 3 HA3EMHUX JIKEPEI THcm.

3. [HamxomkeHHs 610reHHHUX PEUOBHH - 3 aTMOC(hepH ™I

4. |HamxomkeHHsS OIOT€HHUX PEYOBHH — 3 JDKEPE, PO3TAIIOBAHUX B Inen
Mopi )
[HanxomkeHHs 3a0pyAHIOIOYUX PEYOBHH - 3 aTMOC(hepu I'MII
HanxompkeHHs 3a0pyIHIOI0UUX PEYOBHH — 3 HA3EMHHUX JDKEPEIT Tucr.

7. |HamxomkeHHs 3a0pyTHIOIOYHX PEUOBHH - 3 [DKEPEII, PO3TAIIOBAHIX Inen
B MOpi )

8. [HamxomkeHHs 3a0pyAHIOIOUNX PEYOBHH — aBapiiHi cuTyauii, lHen
BKJIFOYAI0YHN PO3TUBU HADTH )

9. |HaaxomKCHHS CMITTS — BiJl HA3EMHUX JDKEpen (PiYKOBE CMITTS) YkpHIIEM




Kinens Tabmum 1.7

Ne [ignporpamu CyO€eKTH MOHITOPUHTY
10. | Buau BcelieHIi - YMCeNbHICTE 1/a00 Oiomaca VipHLIEM
11. [PiBHi OiOT€HHMX PEYOBHH — y BOJHIHM TOBIII VxkpHUEM
12. |DiznuHi BTpaTH - IPOTHKHICTD Ta PO3MOALT (HATIPUKIAM, Bif -

iHhpacTpyKTYypHUX 00’ €KTIB, MPHOSPEIKHOTO 3aXHCTY) )
13. |PizngHi MOPYIIEHHS - BiJ IPUIOHHOTO TPAJICHHS VkpHILIEM
14. |Di3uyHi MOPYIICHHS - BiJl THOMOTIHOIIOBAIBHAX POOIT Ta TAMITIHTY VipHLIEM
15. |Di3uvHi MOPYIICHHS - BiJl BUIOOYTKY MiCKY 1 MEOHIO VrpHLIEEM
16. |PiBHI 3a0pYAHIOIOYMX PEUOBHH - y BOJI Ta JOHHMX BiIKIJIazax YxpHIIEM
17. |PiBHI 3a0pYAHIOIOYMX PEYOBHH - B 0i0Ti, Y TOMY YHUCIIi B VipHIIEM

MoperpoyKTax
18. [CMiTTs - XapaKTePUCTUKHU 1 YUCETbHICTH/00CST YkpHLIEM
19. [Mikpo4acTUHKHU CMITTS - KiIbKICTh/00CAT VxpHILIEM

20.

[TinBoHMI IIyM — IPOCTOPOBHIT PO3MO/ILI, YaCTOTA 1 piBHI

YxkpHIEM

35
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2 TIOHATTS CTIMKOCTI MOPCHKNX EKOCUCTEM

2.1 Entpomnis 1 moTeHIiiHa QyHKITis

[Ipy BHBYEHHI CUCTEMH 3 OLIBII «IIJIECIPAMOBaHOI», a00 1HGOPMAIIIHHO-
TEOPETUYHO1, TOUYKH 30pPy OMHUC CHUCTEMHU JAE€THhCSI HA MOBI €HTPOITIi 1 MOTEHIIIMHIX
dbyHKIii. 3a aHANOTIE0 3 KIACMYHOI MEXAHIKOK 1 TEOpi€r0 TOJsi MOXKHA
pO3MISiAaTH PEaKI[il0 CUCTEMU Ha 30BHINIHIA BIUIMB SK JWHAMIYHA 3MiHA CTaHY
CUCTEMHU, B TMpPOLECI SKOrO0 BOHA MparHe MIHIMI3YBaTH J€AKy MOTEHIINHY
byHKI1110, 3a7€KHO Bl KOHKPETHOTO BUIY CUCTEMU 1 MPUMHATUX MPUITYIICHb TaKa
JMHAMIKa MOK€ OyTH JIOKaJIbHOIO B CEHC1 pyXy CUCTEMH JI0 BITHOCHOT'O MIHIMyMY,
HaWOJMXKYIOr0 JO0 TOTOYHOIO CTaHy, abo TJI00ambHOI B CEHCI pyXy [0
abcomoTHOTO (rI00aIbHOMY) MIHIMYMY BIAMOBIAHOI MOTEHIIMHOI (QyHKIIII, 110
npecTaBieHo Ha puc. 2.1.

Ha6mmwkeno onuc AMHAMIYHOTO TPOIIECY HA MOBI MOTEHIIMHUX (YHKITIN
BKJIFOYAE TaKl CKJIAJIOBI1:

— mnpocTip cradiB ( pazoBuii mpoctip ) X,

— HaOlp BXIJHUX QYHKIIH €2,

— rnanke Bimoopaxkenus f: X * Q — R,
ne R e mpoctip aificaux uucen. [Ipu npoMy nepegdavaeTsesi, MO CUCTEMa BEC
cebe Tak, mo mnpu (ikcyBaHHI BXxoal B w € () i Gaunmo CTaH BiJAMOBiIa€

JOKaJIbHOMY MiHIMyMY (yHKLiT f.
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a) OCHOBHA 171es1;

0) pyX A0 JIOKQJILHOTO MiHIMyMY;

B) PYX 10 IJI00AJIBHOTO MIHIMYyMY;

x(a) — moYaTKOBE MOJIOKEHHS CUCTEMH, /I d — BHYTPIIIHIN mapameTp;
f x(a) — moTeHmiHa YHKITIS.

Pucynok 2.1 — Onuc cuctemu 3a TOMOMOTOI0 TOTEHIIHHOT PYHKIIIT

3aMiHa mapamerpa a Ha @ IPHU3BOAUTH [0 3MiHU IIOJIOKEHHS MiHIMyMy
bynkiii f.

Buxopucranus mOTEHIINHUX GQYHKIIM I8 Omucy J00pe BUBUCHHUX
(GI3BMYHUX CUCTEM BHUSBWIOCA BEJIbBMHM BJAJOK aJlbTEPHATUBOIO BHYTPILIHIX
OMHKCIB. YCHIIIHE 3aCTOCYBaHHS TAKOTO MIJIXO1Y B KJIACUYHINA (13UIl 00YMOBIIEHO
ICHYBaHHSM HETOPYIIHUX BaplalliiHUX MPUHIUIIB, TaKUX SK MPUHIUIN
['aminbrona, ®epma 1 Jlamambepa. Y OUIbIIOCTI BUNAAKIB BHYTPIIIHIA OMUC
(b13U4HOTO TIpollecy Ha MOBI MOTCHIIMHUX (YHKIIN MTPUPOTHUM YHHOM BUILITUBAE
3 OMMHKCY 32 JIOTIOMOTO0 MOTEHITIWHUX (DYHKIIHM B cuity piBHSIHB ["aminbToHA- K001
1 Eitnepa-Jlarpanxa.

3 OmMCOM CHUCTEMH MOBOIO TOTEHIIMHUX (YHKIIH TICHO MOB's3aHa ines
OMHUCY TOBEIIHKH CHUCTEM 3a JIOIIOMOTIOK EHTporii. Sk BIIOMO 3 KJIACHYHOI
TEPMOJMHAMIKHA, CHTPOIlsI € Miporo Oe3naajas, ICHyHouoro B JaHikd ¢Gi3uyHId
cucteMi. Mipol0 BHOPAIKOBAHOCTI CHUCTEMH € HETaTUBHA €HTpormis, abo
HereHTponii. B OCHOBI omucy JUHAMIYHOTO MPOLECY 3a JOMOMOrOK EHTPOMil
JSKUTh TPUIYIIEHHS TMPO TIEPETBOPEHHS CHCTEMOIO HETEHTPOMii BXOIy B

iHopmMmairito. Ile o3Havae, 1m0 BC1 3aMKHYTI CUCTEMHU 3MIHIOIOTHCS TAaKUM YHHOM,
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0 MIHIMI3YIOTh 3MiHa €HTporii. TakuM 4YMHOM, CTa€ OYEBUIHUM 3B'S30K MIXK
OMMCaMU Ha MOBI TOTEHIIIMHUX (PYHKIIIHM 1 eHTPOITI].

{00 moka3aTu CHUIBHICTE OMHCIB B TEpPMIHAX EHTPOIIi, MEpPEepPaxyeMo
OCHOBHI aKCIOMH PeJIITUBICTCHKO1 Teopii 1H(opmaIli, po3BUHeHOI JI>KroMepl s
JTUHAMIYHUX TPOIIECIB.

Axkcioma 1. Cucrema X € yacTuHOIO aesikoi BcecBiTy U 1 po3BHUBaETHCS
TUIBKH OCTIIbKH, OCKUTBKHM BOHA TIEPECTIAyeE AesKy MeTa U.

Axcioma 2. Jlyis mocsTHEHHS METH U cucteMa X cripuiiMae iHdopmartio | 3
HaBKOJIMIITHLOTO CEPEAOBHINA 1 BUKOPUCTOBYE It0 1H(oOpMarito 11 nepedyaoBu
BJIACHOI Oprasizauii (BHyTPIIIHBOI CTPYKTYpPH) a, B PE3YJIbTATI AKO1 301IbIIHIIACA O
HEreHTpomnii N, 1 s 31MCHEHHA BIUIMBY A Ha HaBKOJIMIIHE CEPEIOBUIIIE.

Axkcioma 3. (ITpunmun esomomii) CrtpykrypHa enTpomis E cucremu X

BU3HAYAETHCS CIIIBBIIHOIIECHHIM

dE = dI/n (2.1)

1 € HEYOyTHOIO (PYHKITI€I0 €BOJIONIT .
Axkcioma 4. BeecBiT U He MOXe COCTEpIraTu BJIACHY €BOJIIOIIIIO.

VY cuity X akcioM piBHSIHHSA CTaHy CUCTEMU Ma€ BUTIISL:

f(He, Hyu) =0, (2.2)

ne H, — B3OBHINIHS EHTPOIsS CHUCTEMH X MO BIJHOUIEHHIO J10 (hIKCOBAHOTO
cnoctepiraueBi R, H; — BHyTpIlIHS €HTPOMis CHUCTEMU X TIO BIAHOIIEHHIO [0
cnoctepiraya R, u — Mera cucremu X 3 Touku 30py cnoctepirada R. Ilpu takomy
HIIXO0J1 10 OMUCY CHCTEMH CIIOCTEpirad BiAirpa€e OcCOOJIMBY pPOJb, MPUYOMY
0COONMBHUI ynap poOWTHCS Ha KIHEMAaTUYHWW MiJX1J, 3aCHOBAaHHWM Ha aHaJorax

nepeTBopeHHs JlopeHnia 11 ABOX croctepiradiB R1 R .
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AHaJ3ylound pPIBHSHHS CTaHy, MOXKHA IOMITHTH, 10 3HaHHSA (QyHKIil f
JI03BOJIIE  OOUYMCIUTH CTPYKTYypHY €HTpomito E cucremm 3a IOTIOMOTOIO

CIIBBIIHOIIICHHS

dl = adH, + fdH, (2.3)

ornucye oOMiH iH(popmariero, ae a i f — meski mocTiitai [44].

2.2 TTOHATTA «CTIUKICTHY B O10JIOTTYHHUX CHUCTEMAX

Sk NoKa3yloTh JaHl CIOCTEPEKEHb, 3MIHM B MOPCBKHX O10LEHO03ax
BiIOYBAIOTbCS 1]l BIUIMBOM $IK MPUPOJHUX, TaK 1 AHTPONOTEHHUX (HaKTOPIB.
3natHIiCTh O10JOTIYHUX CHCTEM MPOTUCTOSITH (haKTopam, IO BIIUBAE HA HUX,
HA3MBAIOTh «CTIUKICTIO» a00 «CTaOIbHICTION.

VY BU3HAYCHHI «CTIMKICTB» BHAUISIIOTH KUIbKa TPy BUMOT JI0 010JOTIYHHUX
CHCTEM.

[lepmie: HE3MIHHICTB B Yaci HIJIOr0 reorpadiqHoro periony ado Janamadry.
Perion Moxe BkiIOYaTH B ce0€ BENMKY KUIBKICTH PI3HUX O010T€OIEeHO031B, a
3arajbHa €KOCHCTEMa PErioHy — CKJIaJaTUCs 3 PI3HUX EKOCHUCTEM, CIIa0KO
NoB's3aHUX OAWH 3 oAHUM. OCHOBHUMH MPOIIECAMH, [0 BU3HAYAIOTH JUHAMIKY
periony, OyayTh HE 3MIHHM YHCEJIBHOCTI HACESI0Th MOro OKpeMHX BHIIB, a
rJ100aabH1 010re0X1MIYH1 IIUKIIH.

Jlpyra rpyna BUMOT — 30€peKEeHHs 4YUCla BHUJIB Yy JAaHOMY O10JIOTTYHOMY
CHIBTOBAapUCTBI. bioyioriuHe CHiBTOBapUCTBO MOKHA PO3IJISAAATH AK  OLIbII
BUCOKHM , HDK TIOMYJISIIHHNNA, PIBEHb OpraHi3allii *KUBO1 peYOBUHU 1 BU3HAYUTH 5K
NeSKY CYKYMHICTh TOMYJISIINA, IO HACEJSIOTh TMEBHY TEPHUTOPIIO 1 yTBOPIOIOTH
MEeBHY CTPYKTYpYy XapyoBuX (TpodiuHMX) 3B's3KiB 1 Merabosmizmy. KoHmeniris

010JI0T1YHOTO CHIBTOBAPUCTBA BIAOOpaXkae, IO MOMYJISII] KUBUX OPraHi3MiB He
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PO3KHIaHI BUMAJKOBUM YMHOM MO 3€MJIl SK HE3aJeXHI IPYNH, a YTBOPIOIOTH
opratizoBaHi cucteMu. CIiJIbHOTa BBaKAEThCS CTIMKHUM, SIKILIO YUCJIO CKIIAIOBUX
HOoro BUIIB HE 3MIHIOETbCA MPOTATOM TpuBajoro uacy. Came 1me €KOJIOTIdHE
BU3HAUYCHHs HAHOIMK4UE 10 pI3HUX BU3HAYEHb CTIMKOCTI.

Tperss rpyma BUMOTr BIZHOCHUTBCS 1O OKPEMHX TMOMYJSIIsAM, HIK [0
CHTPHOT. BBakaeTbcs, 1O CIBTOBAPUCTBO CTIHKO a00 CTablIbHO, SKIIO
YUCEJNBHOCTI CKJIAJIOBUX HOr0o MOMYJSIA HE BIIYYBAIOTh PI3KUX KOJHMBaHb. Y
TEPMOJMHAMIKMA CHCTEMa BBAXXAE€THCA CTAOLIBHOIO, SKIIO Malll HMOBIpPHOCTI
BENUKHUX (PIIyKTyalli, siki MOXXYTh BIJIBECTH ii JIaJIeKO BiJl PIBHOBAKHOTO CTaHY 1
HaBITh 3pYHHYBaTH.

3 iHmoro OOKy, iCHye pO3BUHEHAa MaTeMaTW4yHa TeOopis CTIMKOCTI, B SIKii
BU3HAYECHHS CTIHKOCTI JAETHCS a0OCOJIOTHO CTPOTro. AJle BCs CIipaBa B TOMY, IO 115
TEOpis TIpaIlloe HE 3 CAMUMH peaJbHUMHU O0'€KTaMH, a 3 iX MaTeMaTHYHUMU
MozAeAMH. Tomy, SIKIII0O MM MaEMO JOCTaTHBO «XOPOIIY» (y CEHCl aJleKBaTHOCTI Ta
MOBHOTH OINKCY) MAaTeMaTHUYHy MO/JeJb O10JOTIYHOrO CITIBTOBAapUCTBAa a0o
eKOCUCTEMU (HampHKIaa, B TEpMIHAX AU(PEpEHIIaTbHIUX a00 PI3SHULEBUX PIBHSHB),
TO Ha TMHUTAHHS TPO CTIMKICTh PEATLHOTO CIIBTOBAPUCTBA MOXHA BIJIMOBICTH,
JOCIIKYIOUM Hallly MOJENIb 3BUYaiHUMU METOJaMu Teopii cTiikocTi. OgHaK 1 B
MaTeMaTU4yHIA Teopli CTIMKOCTI ICHYIOTh Pi3HI BU3HAYEHHS LOTO MOHSATTS — L€
BXKE€ 1HIIE MUTAaHHSA. 3a3BHYail KaKYTh MPO CTIMKICTh ACSKUX PIIIEHb CHUCTEMHU
PiBHSIHb, TOOTO MPO CTIMKICTh TOrO YW 1HIIOTO CTaHY CUCTEMHU ab0 MPO CTIMKICTh
(cTabIbHOCTI) TOTO UM IHIIOTO pexuMy ii GyHKUIOHYBaHHA. Hanmpukmian, MoxHa
BBa)KaTH, IIIO CITIBTOBAPHUCTBO a00 €KOCHCTEMA CTilKa, SIKIIO TPAEKTOPis ii Moeni
y (hazoBOMy IIpOCTOpI HE Oy/Ie BUXOJIUTH 33 MEXKI1 3aJ1aHOi 0OMEKEHO1 00J1acT1 MpHU
NesSsKuX 30ypIOBaHHSIX JIOCUTh IMUPOKOro cmnekrpa. I[lomiOHe Bu3HAYEHHS
BI/IMOBIZIA€ 1HTYITUBHUM YSIBJICHHSM €KOJIOTIB 1 1HOAI € JOCTaTHIM JJii HHX.
['HOCEOJIOTIYHO TaKHWil MiAXIJ I[IJIKOM BUIpPaBAaHUM, 00 aHami3 CTIMKOCTI MOJENI
703BOJIsIE (DOPMYITIOBATH Pi3HI TIMOTE3W MPO 3aKOHOMIPHOCTI (YHKITIOHYBaHHS
MOJIETbOBAHOTO 00'€KTa, HASABHICTh a00 BIJICYTHICTh SKHUX Yy PEaJTbHOCTI Ja€

MiFCTaBy CyJUTH B TOMY YHUCII 1 TPO aJ€KBATHICTh MOJIEIIL.
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[IpuHIMTIOBOIO aJIbTEPHATUBOIO JAHOMY MIJIXOY € MiAX1J, 3aCHOBAaHUN Ha
cripo0ax TMOB'SI3aTH CTIMKICTh CHIBTOBApUCTBA 3 SKOI-HEOYAb 1HINOI peasbHO (1
JIOCUTh TPOCTO) BUMIPIOBaHOT HOro xapakrepuctukorw. Cepen eKoJoriB
BBAKAETHCA Maike aKCiOMOIO, IO OLIBII CKJIaJHI 3a CBOEK CTPYKTYPOIO, OUIBII
Oarati 3a KiJIbKICTIO BXIJHMX B HHX BHJIIB CITUIBHOTH 1 OUTBII CTifiki. MaOyTh, e
MOSICHIOETbCSI HACTYNMHUM. Pi3HI BHIM TIOPI3HOMY MPHUCTOCOBaHI 0 3MiH
HABKOJIMIITHBOTO cepeoBuia. ToMy mMpoKuid HaOIp BHUIIB MOXE pearyBaTd Ha
PI3HOMAaHITHI 3MIHU 30BHIIIHBOTO CEPEOBHINA YCHIMIHIIIE, HI)K CIIBTOBAPUCTBO,
0 CKJIQJAETHCS 3 MAJOro YMCIIa BHJIB, a OTXKE, MEPIIUHA CTIMKIII, CTaOLIBHIII
npyroro. MIMOBIipHO, IIMM i 3yMOBJIEHO BHKOPHCTAaHHS Pi3HHX 3aXOJiB BHIOBOIO
pI3BHOMaHITTS (30Kpema, 1H(opMmamiiiHOl eHTpomii abo AesSKUX ii aHaNOrIB) SK
XapaKTEePUCTUKHU CTIMKOCTI criyibHOTH. Haitoinbin nomyssipHa iHpopMaliiiftHa Mipa

pizHOMaHITHOCTI (110 [IIeHHOHY)
N
D=-YLpnp;, p; = Ft N =i N;. (2.4)

TyT N — 4Kca0 BUAIB y CMIBTOBApUCTBI, N; — YHCENBHICTD I-10 BUAy. A0O

JIeNIo 1HIIa mipa:

n Ni(N;i—1)

Dy =1=2i N(N-1)

(2.5)

Mosxna mokazatu, mo D; — 1ie WMOBIPHICTb TOTO, IO MPU BHUIATKOBIM
BUOIp1I 10 /1Ba 3 CyKynHOCTI N 1HAUBIYyMiB BOHU HE OyAyTh HaJIeXKaTH OJHOMY 1
Tomy X Buny. [Ipu Benukux N 1 JOCUTHh PIBHOMIPHOMY pPO3MOALIL 32 BuiamMu Dy ~

D. Cnpasni,

N
Dy=—"(1-3¥%,p?) =1- XL p? = X,p; (p; — 1) = — X1y p; Inpy, (26)
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Tak 5K p; — 1 ~ Inp;. [IpononyBanucs 1 1HIII BU3HAYEHHS MipH CTIHKOCTI (TOOTO,
110 BUKOPHCTOBYIOTH 3aMporioHoBany P. ®dimepom Mipy iHdopMaiiii), ajie BCi BOHH
0 CYTi CIIpaBH, BAKOPUCTOBYIOTh MOHATTS, CIOYATKy BUHUKIHN y (i3Ulll UM Teopii
iH(opMmarii.

JIOT1YHO MPUITYCTUTH, 110 B CTaH1 PIBHOBAru CliBTOBAPUCTBO MAKCUMAIIBHO
CTaOUIBHO 1, OTKE, MA€ BOJIOJITH MaKCUMAIHLHUM PI3HOMAaHITHICTIO. AJie, SIK JIETKO
MOKa3aTu, 1IbOMY BIJIMIOBIJIa€ Taka CTPYKTypa CIIIBTOBAPUCTBA, MPU SKIH 0COOMHU
OyIlb-SIKMX BHJIB 3yCTPIUAIOThCS 3 OJHAKOBOIO 4acToTOr (max D mocsrae mpu pj
= 1/n), — Bci BUIM OJHAKOBO PSICHI, HEMA€E JOMIHYIOUUX BHJIIB, B CITIBTOBAPUCTBI
HE ICHy€ KUIBKICHOI 1€papXii. AJie CIIOCTEPEKECHHS HaJ PEaIbHUMH CIUILHOTaAMHU
(30Kpema, HaJ HAMOUIBII MPUPOIHO BUIAUISIOTHCA €JIEMEHTAPHUMM CKJIaJIOBUMU
O0iochepu — OioreorieHO3aMH) TOBOPATH 30BCIM MPO 1HINE — OUIBIIICTH JOCUTH
JIOBrO ICHYIOUMX (@ 3HAYUTh, 1 CTIMKHUX) CIUIBHOT MICTUTh JAOMIHYIOUl BUJH, K1
3MIACHIOIOTh OCHOBHY po0OTy 3 TmepepabOTKM pEYOBMHM 1 €Heprii B
CIIBTOBAPUCTBI, TOOTO CIUJILHOTH MAlOTh l€papXiduHy cTpyKTypy. Lle HaBonuTh Ha
JTYMKy, 10 BUKOPUCTaHHS B SKOCTI MIpU CTIHKOCTI CHIJIBHOTH HMOTO
PI3HOMAaHITHOCTI HE 30BCIM BUIIPABAAHO.

3ayBaXUMO OJHAaK, IO B OaraTthox JabopaTopHux (1 HE TUIBKU
7a00paTOPHUX) CHUIBHOTAaX HA PaHHIX CTaAisIX iX €BOJIIOLII MpU pycl [0
PIBHOB2KHOTO CTaHY CIIOCTEPITaeThCsl 30UIBIICHHS PI3HOMAHITHOCTI (301JIbIIIEHHS
D). MabyTs, 1151 Mipa BC€ K SKOIOCh MIPOIO XapaKTEPU3y€e CIIBTOBAPUCTBO; OLIbIIIE
TOTO, BOHA, MO BCI KIMOBIPHOCTI , MOKE HaBITh XapaKTepU3yBaTH HOTO CTIMKICTB,
aJic He BCIO/IM, a JIMIIIE Ha PaHHIX CTaIsIX €BOJIIOIII.

[IpuurHa 1UX NapagoKCiB, MIBUALIE 3a Bce, Y (hopMaIbHOMY 3aCTOCYBAaHHI
Mozenelt ¢Gi3uku 1 Teopii iHpopMallii 10 cucTteM, 10 SIKUX BOHU HE3aCTOCOBHI. Sk
O0JBIIMaHIBChKA EHTPOITIS B CTATUCTUYHIN (i3uIll, Tak 1 iHPOpMaIliiiHa SHTPOTIiS B
Teopii iHdoOpMallli MarTh CEHC JIMIIE JJIsI aHcaMmOJIiB 3 ¢ja00 B3aEMOJIFOYMX
YaCTUHOK a00 SAKuX-HEOyAb IHIINX 00'€KTiB. BBEeNEHHS EHTPOIMIWHOI 3aX01u NS
TaKUX MHOXHUH IIJIKOM OOTpYHTOBAaHO. AJie SIK TIIBKM MH MaeMO CIpaBy 3

CHUCTEMAaMHU, €JIEMEHTH SKMX CHUJIbHO B3a€EMOJIIOTh MK COOOI0, €HTpOIIiitHA Mipa
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He3aJ0BlIbHA. A O0I10JIOTiIUHI CHUIBHOTH, JI€ KOHKYPEHTHI B3a€MUHM HaMOIbII
CWJIBHO TPOSIBIISIIOTHCA MOOJIM3Y TMOJIOKEHHS PIBHOBArv 1 BCSl CTPYKTypa SKUX B
OCHOBHOMY BHW3HAUA€ThCA HE XapaKTEPUCTUKAMU, BIACTMBUMH BJIAaCHE yBasi, a
XapaKTEepPUCTUKAMU MIKBUIOBUX B3a€EMOBIJIHOCHH, SIBJSIIOTh COOOI0 caMe CUCTEMU
3 CHJIBHMMH B3aeMoIissMu [45].

3 11i€i TOYKU 30py 3pO3yMUII yaadi B 3aCTOCYBaHHI €HTPOIIHHUX 3aX0/IiB Ha
pPaHHIX CTaJisIX €BOJIOIIi CHUIBHOT. Bes cnpaBa B TOMy, IO Ha ITUX CTamisX,
JIAJIeKO BiJ TOJIOKEHHSI pIBHOBArM, KOHKYpEHINs IIe ciia0ka, KOHKYPEHTHI THUCKY
Majll, 1 CIUIBHOTA IIUJIKOM MOXE€ pO3IVISAaTUCA SK CHCTeMa 31 CIIa0KUMU
B3a€EMO/IISIMH.

Sx BUOHO 3 YCBOTO CKa3aHOTO BHWINE, HA TWTAHHA TPO TPHIUHHO-
HACJIJIKOBOTO 3B'SI3KY M1 P13HOMAHITHICTIO CIIBTOBApUCTBA 1 MOTO CTIMKICTIO HE
MO>XHa BIANOBICTH OAHO3HAuHO. JloOpe rosoputh mnpo ue HO. Onpym: «Cmin
BUPILIUTH, SIBJIIE COOOI0 PI3HOMAHITHICTh TUIBKU «IIPUIIPABY» J10 KUTTSA a00 BOHO
HeoOXigHEe IS JOBIOr'O JKUTTSA BCI€EI €KOCUCTEMH, O SKOI BXOJATH 1 JIFOJWHA, 1
IPUPOIAY.

Jloci MU HISIK HE BH3HAYaJM, IO TaKe CTIMKICTh CIIBTOBapHCTBA,
OOMEXYIOUUCh JIMILIE€ IHTYITUBHUM pO3YMIHHAM (3 1€l NpPUYUHU MU
BUKOPUCTOBYBAIM TMOHATTA «CTIMKICTH» 1 «CTAOUIBHICTB» SIK €KBIBAJIEHTH1). Alle
SKII0 MH XOUEeMO pyXaTHCs Jajii, TO HaM HEOOXIMHO JaTh IbOMY ITOHSTTIO
dbopmasbHe (i B TOM K€ Yyac KOHCTPYKTHBHE) BU3HaUeHH: [46].

Mu OymemMo TOBOpWUTH, IO CIIBTOBAPUCTBO CTiiKe, AKIIO CTIMKE IesKe
HETpUBIaJbHE TO3UTHBHE PIMIEHHS CHUCTeMH JudepeHIliaibHuX (pI3HUIEBUX,
nudepeHIIiHO-PI3HUIEBUX 1 T. [.) PIBHAHb, W10 € MOJEIUII0 I[bOTO
cniBroBapucTBa. Hamami Hac Oyne LIKaBUTH, B OCHOBHOMY, CTIHKICTb TUIBKH
CTaIllOHAPHUX PIIIEHb, MPUYOMY TAKUX, JJISl SIKUX YHUCEJIbHICTH >KOJHOTO 3 BHUJIB
HE JOpIBHIOE HYJIIO0 abo HeckiHyeHHocTi. Lli pimeHHs Mu OynemMo Ha3uBaTH
HETPUBIAJILHUM PIBHOBAror (a 9acTo 1 TPOCTO PIBHOBArow) CHUIBHOTH. 3
CTIMKOCTI TaKuUX pillleHb CIiJ 30€peKEeHHS YKcia BHUAIB y CIIBTOBAPHUCTBI

(3BOpOTHE, B3arajil Kaxkydu , He 000B's13K0B0). Takum ynHOM, MU (opMai3yBaiu
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OJIHE 3 €KOJIOT1YHMX BU3HAYEHb CTIMKOCTI. I{IIKOM mpHUpOSHO, 110 BUKIIOUCHHS
oJHOro abo JEeKIIbKOX BH/IIB 3 CIIIBTOBAPHMCTBA MOJXKHA I1HTEPIPETYBATH SK
NOpyLIeHHsT Horo criikocti. Pemra BuAIB  MOXYThb yTBOPUTH  CTiHKe

CIIIBTOBapHUCTBO, aJi¢ BOHO BXKe Oy/e 1HIIIHUM.

2.3 «ExcTpemanbHi» NPUHIUIIN €KOJOTITYHUX CUCTEM

B MarematuuHili ekojorii 3'sBuiacs TeHIEHIIS 10 (opMyiroBaHHS
OCHOBHHX JMHAMIYHMX 3aKOHOMIPHOCTEH MOMYJISIIN 1 CIIBTOBApPUCTB Yy BUIJISAL
JESKUX «EKCTPEeMalbHUX» NPUHIHIIB. [{e MOoXkHa MOsICHUTH, MaOyTh, MParHEHHSIM
10 OLIbII JIAKOHIYHOTO 1 BUTOHYEHOIO OMHCY, 3 OJHOrO0 OOKYy, 1 OJBIYHOI
TEJIEOJIOTIYHA HAIIOTO MUCIIEHHS, 3 1HIIOr0. X04a HaBPsA UM MOKHA TPUITYCTUTH
HasIBHICTh METH, O SIKOi MparHe MomyJisilis abo CHiBTOBAPUCTBO, MPOTE Halla
rinores3a (110 HOCUTh YUCTO CIYXOOBHI XapakTep) Mpo Te, IO TaKa METa ICHYE,
HalJacTiIIe JO3BOJISIE TIOTJITHYTH HAa PI3HOMAHITTS €KOJOTIYHUX MEXaHI3MIB Ta iX
MPOSIBIB 3 AKOICh €JMHOI TOYKU 30py. MalOyTh, Mepiior cupoO0o0 Takoro Poay
Oyna rinote3a A. Jlotku 1922p. mipo Te, 110 €BOJIIOIiSI EKOCUCTEM BIIOYBAETHCS Y
01K 3017IBIIEHHS CYMapHOTO TIOTOKY €HEprii uepe3 €eKOCHUCTEMY, MPUYOMY B
piBHOBa3l L€l MOTIK AOCATAE MAKCUMyMy (3BHUYAHO, 3 ypaxXyBaHHSIM pPI3HHX
oOMexeHb). JIoTka HaBiTh 3alpONOHYBAaB HA3BAaTU 1€ TBEPIKEHHS «UETBEPTUM
3akoHOM TepMoauHamikm» [47]. YV 1930 p. P. dimep chopmymnioBaB Tak 3BaHy
«pyHIaMEHTAJIbHY TEOpeMy MPUPOAHOrO BimOOpy». [ maHMikTideckoin
MEHJICJICBCKOM  TIOMyJAIli, CHaJAKyBaHHS B SKi BH3HAYAETHCS  OJHUM
NOMIAJUICIBHUM ~ JIOKYCOM, OyJI0 TMOKa3aHo, IO CEepeAHs MPUCTOCOBAHICTD
NOMyJIALIi B MOCTIMHIN cepeloBUII NparHe J0 MakKCUMyMy, PUYOMY LIBUJIKICTb
I[LOTO MPArHEHHS MPOTIOPITIHHA XapaKTEPUCTHUIll TEHHOTO PI3HOMAHITTS MOMYJISAII1
— re”Hoi aucrnepcii [48]. ¥V 50-x pokax, moumHarouu 3 poOit P. Mapraneda i

P. Mak-ApTypa, BUHUK CHOpaBXHId i1HpopMmauiiHuii Oym B ekojorii. Mu Bxke



45
3ynmuHsMcss  (muB. BeTynm) Ha Taki  XapaKTEpUCTHINl CHIBTOBAPUCTBA, 5K
PI3HOMAaHITHICTh, B SIKOCTI OJTHOTO 13 3aXOJIIB SKOTO IIUPOKO BUKOPHCTOBYBAjacCs
iHbopMaIliiiHa eHTpOoIiA. Y YHCIECHHUX poO0TaxX MOCTYIIOBAIOCH, IO B HAWO1IBIII
CTIMKOMY CITIBTOBApHUCTBI JOCSATAEThCA MakCUuMyM eHTporrii. [1i3Hime 3'scyBanocs,
0 11 3aKOHOMIPHICTH JlajieKa BiJ Ti€l CHIIBHOCTI, fKa 1l mpunmcyBanacs. [licms
FO. Opyma, mo mpuHIC B EKCIEPUMEHTANbHY 1 TEOPETUYHY EKOJIOTI0
CHEpreTUYHUI METOJ OIMHCY EKOCHCTeM, 3'sBuiacsi HoBa rimore3a Mapraneda
1968 p. mpo eBodtoLIII0 eKocrucTeM. BoHa mosnsirae B HACTYIMHOMY.

Hexait M — nmroma cymapHa Oiomaca BCiX BHUJIB Yy CIIBTOBapUCTBI,
BUpaXEHa B OJIHUX 1 TUX € OJIMHULIAX ( HAIIPUKJIA/, CHEPTeTUUHUX ) HA OJUHUIIIO
mwiou, a P — muroMa mpoJyKuisi CiBTOBapHCTBAa, TOOTO MIBHJIKICTh YTBOPEHHS
HOBO1 010MacH LUX BUJIB , BUPAXKEHA B TUX K€ OJMHUIX HA OJUHUIIO IUIOINII B
onuauiro vacy. Tomi BigHomieHHs II = P / M, sxe Ha3uBarOTh MIBHIAKICTIO
CHIJIBHOTO €HEPreTUYHOr0 KPYyrooOiry eKOCUCTEMHU , B MIPOILIEC] 11 €BOIIOLII MparHe
1o MiHiIMyMy. Bennuuny 1, 380poTHy Il, Ha3uBaOTh €PEKTUBHICTIO EKOCUCTEMHU.
OTxe, eKocUCTeMa EBOJIIOIIOHYE JO0 CTaHy 3 MAaKCHUMalbHOIO €(QEeKTUBHICTIO.
Mapraneda Takox CTBEPIIKYE, IO 1 €PEKTUBHICTh MOKE OyTH JTOCATHYTA TUIBKU
B CUCTEMaXx 3 BEJIMKUM TOKa3HUKOM pi3HOMaHITHOCTI [49].

B 1971 p. I'. Onym cdopmyitoBaB NPUHLMI, KU BIIPI3HAETHCS BiJ
npuHIUNy JIOTKM TIIBKK THUM, IO 3aMICTh MaKCHMI3aIlii TOTOKY €HEpTrii B HbOMY
NOTPIOHO MaKCHUMI3alis MOTYKHOCTI.

Bci BenuuuHu, 110 BXOAATH y (OPMYIIOBAHHS LIUX TINOTE3, MOXKYTh OyTH
BUMIPSHI B pEATHbHUX €KOCUCTEMAX, 1 OT)KE, BOHU JOMMYCKAIOTh EKCIIEPUMEHTAIIbHY
NEepeBIPKY, aje TUIbKK B TOMY BHUIIAJIKY, KOJIA MU 3HAEMO MOBHY TONorpagiro nux
«CHEPTEeTUYHUX» TMOBEPXOHb (MOTYXKHICTh, €(hEKTUBHICTH) Y (ha30BOMY IPOCTOPI
CUCTEMHU Ta MOBHY Tomorpadito ii (azoBux Tpaekropii. Toai MH MOXEMO
MOPIBHIOBATH P13HI TPAEKTOPIT IO €HEPrii, MOTY>KHOCTI 200 €EeKTUBHOCTI.

binbm mpoctum € crocid, mpu SKOMY 3 €KCTPEMaJIbHOTO TMPUHIUIY MH
OTpUMYEMO JA00Ope BiOMI JWHAMIYHI PIBHSHHS, BHUBEICHI 3 30BCIM 1HIIUX

MIpKyBaHb (HANpUKIad, BOJBTEPPOBCKIC PIBHSAHHS, OTPUMaHI 3 OallaHCOBHUX
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CIIBBITHOIIEHD 1 ACAKUX IHIIMX MPaBIOMOAIOHUX TinmoTe3). MOXIUBUM 1 1HIIHMA
X1, KOJU 3 TMHAMIYHUX PIBHSHHI MU OTPUMYEMO CITIBBITHOIIICHHS, SIKI MOXKHA

IHTEPIPETYBATH SIK eKCTpeMallbHI puHIHIH [46].

2.4 TIoHATTS CTIMKOCTI B TEOP1i MaTEMaTHKU

CTiMKICTIO 1 HECTIMKICTIO XapaKTepU3YIOThCsl HE TUIBKM CTaHy pIBHOBAru,
ane Oynb-ski (a3oBi TpaekTopii. Y MaTeMaTH4HOI Teopli ICHYE KiJIbKa MOHSTH
CTIMKOCTI pyXy: CTIMKICTh 3a JISmyHOBHM, aCHMNTOTHYHA CTIMKICTh, OpOiTanbHa
CTIHKICTb, CTIHKICTB TI0 [lyaccony, CTIHKICTh TI0 Jlarpanxy.

OpnHe 3 OCHOBHUX — CTIMKICTh 3a JlsnmyHoBuMm. [ns cranoro mo JlsmyHOBY
pyXy Majie MOYaTKOBE 3pYyIIEHHS HapocTae. SIKII0 mMalie TOYaTKOBE 3pYIICHHS HE
TITBKM HE HApPOCTAa€, a 3 4YacOM MparHe 0 HYJA, TO pyX Ma€ OUIbII CHUIBHUM
BJIACTUBICTIO ACUMIITOTUYHOI CTIMKOCTI.

VY NoHATTI OpOITaNbHOT CTIMKOCTI PO3TIISIIAETHCS HE BiJICTAaHb MK TOYKAMH
BUXIJHOI 1 OOYpEHOI TPaeKTOpii B OJMH 1 TOM XK€ MOMEHT yacy, a MiHIMajbHa
BIJICTaHb BIJ 300pa)ka€ TOYKM OOYpEeHOI TpaekTopii A0 OpOITH, BIAMNOBIAHOI
BUXITHOTO pyXy. OpOiTaibHO CTIMKUI pyX MOXKE HE OyTH CTIMKUM 3a JIAmyHOBUM.

Criiikicte pyxy mno Ilyaccony mnpumyckae, 1o BiAnoBiiHa ¢a3oBa
TPAEKTOPIsl TIpH t — o0 HE TMOKHJIAaE OOMEXEHOI 00acTi (Ha3oBOro MPOCTOPY.
[lepebyBarount B 11ii 00JacTi HECKIHYEHHO JOBrO, BOHAa HEMHUHyuYe Oyje
MOBEPTATHUCS B SIK 3aBTOJIHO MaJly OKOJIMIIA MOYAaTKOBOI TOUYKH. Yacu MOBEpHEHHS
MO’KYTh BIATOBIIaTH NEpioAy ad0 KBa3iNepiony Mpu PeryispHOMY PYCi, @ MOXKYTb
SBJISITH COOOI0 BUIMAJKOBY IOCIIIOBHICTh, SKIIO PIIIEHHS BIJAMOBIIAE PEKUMY
JTWHAMIYHOTO Xa0Cy.

[HIIMMU cIOBaMHM: CTAIlIOHAPHHWM CTaH HA3WBAETHCSA CTIMKHUM, SKIO Mall
BIIXWJICHHS HE BHUBOASATH CHCTEMY 3aHAJTO JaJeKO 3 OKOJHUII I[bOTO

cTarioHapHoro crany. CramioHapHUW CTaH HA3WBAETHCS ACUMIITOTHYHO CTIMKHUM,
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KO0 MaJjl BIIXWIEHHS BIiJl HbOrO 3 4YacoM 3aracaroTh. CTalllOHapHHUM CTaH
Ha3UBAETHCSA HECTIMKUM, SKIO Majl BIIXWUJICHHS 3 9acoM 301IbIyroThes. Cranuii
CTAIllOHAPHUN CTaH SBJISI€ COO0I0 HAUTIPOCTIIINIA THIT aTTPAKTOPA.

KpiM 115010 4acTOo BUKOPUCTOBYIOTH MEHII CYBOPHM KpPUTEPiil, PO3yMItOUH
CTIMKICTh SK OOMEXKEHICTh pIIIeHHS 3BEpXy 1 3HHM3Y, TOOTO CTIMKICTh TIO
Jlarpanmxy. Jlmsi ekocHUCTeM, TPEACTaBICHUX OE3MEKHHUM YHCIOM TIOCTIHHO
MIHJIMBUX B 4Yacl MpoleciB, Ied BHA CTIMKOCTI MOXXe OyTH HaWOUIbII
xapaktepHuM. Haouna imoctparis criikocti o Jlarpamxky, Ilyaccony 1 JIsmyHoBy
HaBeJIeHA HA PUCYHKY 2.2.

VY ckilaHUX cUCTeMax 3 MiJICHCTEeMaMH BCEPEIUHI CUCTEM , IO BXOJSAThH B
OaratopiBHEBY OpraHi3ailito, CKJIaJHO TOBOPUTH MPO CTIMKICTH , SIK JACSKIN TOYIl B
POCTOpPi CTaHIB (K y BHUIAJKY CTIAKOCTI 1o JIsmyHOBY). 3aBXIu HEOOXITHO
BPaxOBYBAaTH 1€papXIil0 E€KOCUCTEMHU 1 BIAMNOBIOHO, «I€PAPXII0 CTIMKOCTEM»:
OYEBH/IHA JIOKAJIbHA HECTAOUIbHICTh MOXKE NIepeOyBaTh B 00JIaCTI CTIMKOCTI OLIbII
BUCOKOTO piBHS. CTIHKICTh B 3araJIbHONPUIHATOMY CEHC1 3a3BMYail Mae Ha yBasi
TaKOX 3JaTHICTh CUCTEMU MOBEPTATUCS B KOJUIIHIN cTaH miciisi o0ypeHHs. Takum
YUHOM, JUISl €EKOCUCTEM CTIMKICTh MOXKE PO3TIIIATHCS, K 3IaTHICTh €EKOCUCTEMH Y

BIJINOBI/Ib HA 30BHIIIHI 30ypeHHS.

d
no Jlarpanxy no I'lyaccony 1o JlsnyHosy
Pucynox 2.2 — flkicHa inrocTpairisi cTiiikocTi no Jlarpanxy (Tpaexkropis
3QJIMIIAETHCS B 3aMKHYTIN 00nacTi), no [lyaccony
(TpaexTopisi 6araTopazoBO MOBEPTAETHCS B €-OKOJIUIIIO
CTapTOBOI TOUKM) 1 110 JIssmyHOBY (/B1 OJIM3bKI HA CTApPTI

TPAEKTOPIT 3ATHIIAIOTHCS OMM3bKUMU 3aBxaH) [50]
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Taki mpuTsararote ob6sacti (6€3:114i), A0 SIKUX MParHyTh CUCTEMH 3 TUIMHOM
yacy, Ha3MBaIOTh aTTPAKTOpaMHU. [HIIMMH CIOBAMH aTPAKTOPU — 1€ CTaJl PEKUMU
pyxy, ToOTO, 0€37i4 TOYOK, 00ysacTh, (y MPOCTOMY BHUIIAIKy — OJHA TOYKA) B
$ha30BOMYy MPOCTOPI CUCTEMHU, IO SKUX MpPArHyTh il TpaekTopli — BOHMU HIOU
MPUBAOITIOIOTh, TPUTATYIOTHh TPAEKTOPIT y (hazoBOMY ITPOCTOPI.

ATTpakTOp € HaWBaXJIMBIIIUM TMOHATTAM, 10 (ikcye cnerudiky
JMCUTIATUBHUX CTPYKTYp. Bin BusHawaetbcst Hikomic 1 [IpuroxuHum sik pexxum
(ctaH), M0 SKOTO TSKi€ cucTeMa. Y 3MICTOBHOMY IUIaHI 1€ O3HAYa€, IO CTaH —
aTTPAKTOP BUCTYIAE SIK IIYKAHOI 1 TocsraeThbes ((h1HATBHOT Y KOHKPETHIN cUCTEeMI
BiTiKY) asu eBomroni. Ak 3a3naueno E.H. Kuszerow 1 C.II. KyparomoBum,
(KO0 CUCTEMa TMOTpaIuisiE B TIOJI€ TsDKIHHS TEBHOTO aTTPaKTOpa, TO BOHA
HEMHUHYYE €BOJIIOIIIOHYE JI0 I[LOTO BITHOCHO CTIMKOro cTaHy (cTpyktypi)». Ilpu
BUBYEHHI MPOIIECIB caMoopraxizaiii Oyno 3adikcoBaHO OOCTaBUHA, IO CEpe.l
MOXJIMBUX T1JI0K €BOJIOLIT CUCTEMH JIaJIeKO HE BCI € BIPOTITHUMH, IO TPUPOJIa
He 1HIU(EepeHTHa, 10 B HEl € «IOTIr» IO BIIHOMICHHIO JI0 JESKUX CTaHIB», — Y
3B'SI3KY 3 UM (I3MKA <«JIHCUIMATUBHUX CHCTEM, LIO0 BHUPOOJIAIOTH E€HTPOIIIO,
Ha3WBa€ KIHIICBI CTAHU ITUX CUCTEM aTTpakTopaMu. HalBakJIMBIIIIUM 00CTaBHHOIO
BUCTyIIa€ B IIbOMY KOHTEKCTI TOW (akT, IO BKa3aHWUH CTaH, 10 SKOTO
€BOJIIOIIIOHY€E CHUCTEMa, BHUCTYMAa€ HE TUIbKM SK TMOTEHIIMHA MNepCcleKTuBa il
PO3BUTKY, aJI€ 1 SIK peasIbHO Ji€BUH (hakTop AaHOTO mporecy. DakKTHUHO aTTPAKTOP
MOKe OYTH PO3IIISIHYTUH SIK akTopa NopsAaKy (mapameTpa HOpSAKY JUIsl CUCTEMH,
1110 3HAXOIUTHCS B MpoIieci camoopraxizariii) [51].

VY auHaMir BIIKPHTHX CHCTEM BHJIUISIOTH TPH THIIHM aTTPAKTOPOB: CTIMKHMA
dbokyc (aTTpakTOp-TOUKa), CTIMKUM TpaHUYHUN ITUKIJ 1 XaOTHUYHHM, ad0 CTpaHui
aTTPaKTOP.

Criiikuii pokyc. CriikuM (OKYCOM Ha3MBAETHCA OCOOJIMBA TOYKA, SIKA €
ACUMIITOTUYHOIO TOYKOIO BCIX IHTErPAJIbHUX KPUBHUX, 110 MAalOTh BUJ CIHipaleH,

BKJIAZICHUX OIUH B 0HOrO (puc. 2.3).
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¥ ¥

Pucynox 2.3 — Criiikuii (a) 1 HecTiikuit (0) poxyc Ha Ga30BOT TUIONTUHI

(x,y) [52]

I'pannynuii nukn. )KMBUM cHCTEMaM BJIACTHBO MEPIOJUYHA 3MIHA PI3HUX
XapakTEepUCTUK. B pgaHOMy BuUIagKy mHeploJWyHa 3MiHA BEJIWYUH SIBIISIE COOOIO
OJIMH 3 THUIIB CTAL[IOHAPHOTO TMOBEIIHKU CUCTEMH. SIKIIO KOJMBAHHS B CUCTEMI
MaloTh TMOCTIHHI MEpIloA 1 aMIUIITyly, BCTAaHOBJIIOIOTHCS HE3AJEXKHO BIJl
MOYaTKOBUX YMOB 1 MIATPUMYIOTbCS 3aBJASIKM BIACTUBOCTSIM CaMoOi CUCTEMH, a He
BHACIIJIOK BIUIMBY MEPIOJMYHOT CUJIM, CUCTEMA HA3UBAETHCS ABTOKOIMBAIBHOIO. Y
dba3zoBOMy MpPOCTOpPI TaKOMy THIY TOBEAIHKH BIJNOBIAAE MPUTITYE Oe3Iiu
(arTpakTop), 3BaHe TPAHUYHUM LHUKJIOM. [ paHUYHMI IIUKII € 130JIbOBaHA 3aMKHYTa
KpuBa Ha (pa30Biii MIOMIMHI, A0 SKOI B MEXKI MpU t — 00 MPArHyTh BCl IHTETPabHI
KpuBi. ['paHMYHMII LMK TPEJACTABIs€ CTAIlOHAPHUN PEXKUM 3 TIEBHOIO
aMIUTITYJI00, IO HE 3aJIeKUTh BiJl MOYATKOBUX YMOB, @ BH3HAYAETHCS TUIBKU
OpraHi3aIi€r0 CUCTEMH.

['paHuyHU UMK HAa3WBAETHCA CTIMKWAM, SKIIO ICHY€ Taka 00JIacThb Ha
(dha30Biii TIIOIIKHI, 110 MICTUThH 1€l TPAHUYHMM UK, — OKOJIULS €, 110 BC1 (Da3oBi
TPAEKTOPIi, IO TMOYMHAIOTHCS B OKOJHMII €, ACHMITOTHYHO MpuU t — oo
HAOJIMKAIOTHCS 10 TPAHUYHOTO IUKIY. SIKIIO K, HAaBMaKW, B OyAb-SK 3aBrOJHO
MaJjoi OKOJIMIII € TPAHUYHOTO LMKy ICHYE MpUHANMHI OJHA (a3oBa TPa€EKTOPis,
0 HE HAOMIMKAETHCS 10 TPAHUYHOTO IHKIY TPH t — 00, TO TaKUW TPAHWUYHUN

OUKJI HA3UBAECTHCA HECTIMKHM.
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BcranoBneno, mio arpaktopu Tunmy (GOKyCy 1 TpPaHMYHOTO —IMKITY

XapaKTepu3ylTh HEPIBHOBOXHUU mopsanok. lloBemiHka cuCTeMH, BiANOBiTHOI

TPaHUYHOTO LUKy, Ma€ XapakTepHy crerudiky: Maii 30y KeHHsI He PYWHYIOTh ii
cramionapHoro pyxy [50].

CTiliKbl TPAaHUYHBI [IUKJIA TA HECTIMKI HaBEICHBI HA PUCYHKY 2.4,

a 6 G

Puc. 2.4 Criiikuii rpaHuYHUN UK (2); HECTIIMKI rpaHuyHI HUKIHU (0, B)

Mo>kJIMB1 HECTal[lOHapHI CTaHU CUCTEMH, TOOTO TakKi, B SKHMX HE BCTUTA€
BCTAaHOBUTHUCS PIBHOBAaXXHUM cTaH. HapocTaHHS HETIHIHHOCTI B CHCTEMI 32 MEXI1
JEAKOTO KPUTUYHOTO 3HAYEHHS 3HOBY MPHUBOJUTHL CUCTEMYy 10 Oidypkaiii: Ha
3MIHY MaKpOCKOIIYHOI Y3TOKEHOCTI MPUXOAUTH HEY3TOJKEHICTh BHUMAJIKOBUX
baykTyaniif, MO NOPU3BOJAUTH 1O HEOJHO3HAYHUX pe3yJbTaTiB: Maja 3MiHa
MOYATKOBOI YMOBH 3 YacOM MPHU3BOAUTH 1O SK 3aBrOJIHO BEITUKUM 3MiHaAM
JTUHAMIKH CHCTEMH. Y Il CHTYyallli cUCTeMa XapaKTEePU3YEThCS HECTIMKICTIO TIO
BIJIHOIIEHHIO JI0 BJIACHUX MOYaTKOBUM MapaMeTpaM (HECTIMKICTh 3a JIAmyHOBUM) 1
CKCTIOHCHIIIMHOI TEHJICHIlIEI0 N0 AuBepreHiii. Takiii MOBEAiHINI cUCTeM OYB
MPUBJIACHEHUH TEPMiH TUHAMIUYHUH.

CrnocrepexyBaHa XaOTHUYHA MOBE/IHKA BUHUKAE HE Yepe3 30BHILIHI JIKepena
IIyMy, HE 4epe3 BeJIMKEe YMCJIO CTYNEHIB CBOOOIM 1 HE 4epe3 HEBHU3HAUCHICTS,
NOB'sI3aHy 3 KBaHTOBOIO MeXaHiKO. BoHa MOpOIKY€EThCS BIACHOIO IHWHAMIKOIO
HEJTHIMHOI JeTepMiHOBaHOI cucteMu [52]. BusHauanbHUM Jj1s1 BAHUKHEHHS Xa0Cy

B JIETEPMIHOBAaHUX CHCTEMaX € B3a€MO/Ii YTBOPIOIOYHX ii eleMeHTIB. Y (azoBoMy
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MpOCTOpl  Takiii  MOBEIIHII CHUCTEMH  BIJAINOBIIA€ CTPAaHUM  aTTPaKTOP.
JerepMiHoBaHuil xaoc B (a3zoBoMy TIpocTopi BigoOpaxkaeTbcst Oe3nepepBHOI
TPAEKTOPI€I0, IO PO3BHBAETHCSI B 4Yaci 0e3 camomnepeTuHy (iHaKile MpoIiec
3aMKHYBCSI O B IIMKJI) 1 IOCTYIIOBO 3alOBHIOE JICSKY 00J1acTh (pa30BOr0 MPOCTOPY.
TakuM 9rHOM, OyAb-SIKYy SIK 3aBFOJIHO Mally 30HY (ha30BOTO MPOCTOPY MEPETHHAE
HECKIHYEHHO BEJIMKA KUTBbKICTh BIJPI3KiB TpaekTopii. Lle 1 cTBOpIoe B KOXKHIM 30H1
BUIIAJIKOBY CHUTYyallilo — Xaoc. [Ipu 1ipoMy, He3BaKkarouu Ha JIETEPMiHI3M IMPOIIECy,
X1 HOro TpaekTopii HemepenOauyBaHWM, 3BIIKH 1 MOXOAWTHh Ha3Ba XapakTepy
npouecy — AeTepMiHOBaHUM xaoc. [HIMMH cl1oBaMU, MM HE B 3MO31 Nlepe10aunTi
abo xoua 0 rpy0O0 oxapakTepu3yBaTH MOBEIIHKY CHUCTEMH Ha JIOCUTh BEIUKOMY
BIJIPI3KY 4Yacy 1 B MEpUly 4Yepry TOMY, IO NPUHLHUIIOBO BIJICYTHI aHaJIITUYHI
pILIEHHS.

Jlana TeHJEHIlIsI, OJIHAK, pealli3ye ce0e B MeXaxX JOCUTh YITKO OOMEXKEHOi
chepu MoxnuBocTi. HaBiTh cucTeMH, ONUCYBaHI JAUBHUMHU aTTPAaKTOpPaMH,
MPUKJIA] SKOTO HaBEICHO Ha puc. 2.5, TOOTO XaOTWYHI, HECTIMKI CHUCTEMH, HE
MO’KHA BBa)KaTH aOCONIOTHO HECTIMKMMHU. AJKe JUISI TAKMX CHCTEM MOJKIIUBO X
HISK HE Oy/Ib-SIKHI CTaH, a JUIIIE CTaH, 110 MOTPaIUIsie B OOMEKEHY JI€TEPMIHOBAHY

o0JiacTh pa30BOro MPOCTOPY.

20 7

Pucynoxk 2.5 — JIuBuuii arpaktop Jlopenia
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Ocki1bKM HOpMasTbHE (DYHKI[IOHYBAHHS )KHUBOI CUCTEMU MOJKIIUBE JIUIIE TIPU
JesKld HOpMiI XaOTHYHOCTI, fKa BIATMOBIJA€ ICTOTHO HEPIBHOBAXKHHUM CTaH, TO
BIIXWJICHHS B OOWIIBI CTOPOHHM MOJKHA DPO3TIISAIATH SK «XBOpPoOa» 1, OTXKE, SK
nerpanamito. OpHak, HE 3aBXId, OCOOJMBO B 010JI0Tii, Tepexijy 0 OUIBII
XAaO0THYHOTO CTaHY CIIiJl pO3TJISIIATH SIK Aerpazaarito. [ctroTHuM Ha 1yMKy bekmana
I. € po3ryisin BiAXUiIEHb BiJ HOPMHU XaOTUYHOCTI.

CTpyKTypu — aTpakTOpH €BOJIOLII, IO PO3TJISAAAIOThCA SK IIUTICHI
CTpYKTypH, Ha AyMKy KHs3€Boi 1 KypatomoBa, BiTHOCHO MPOCTI B TMOPIBHSHHI 31
CKJIQJHUM XOJIOM MPOMDKHHUX IpolieciB, o GopmyroTh ix. Ha miacraBi 116010
ICTOTHO CHPOITYETHCS ACHMIITOTUKA 1 3'IBISIETBCS MOMJIMBICTH IPOTHO3YBaHHS,
«BUXOJSYM: a) «3 LUIEH» MNPOUECIB (CTPYKTYp-aTTPAKTOPOB), O) «BLI IIOrO»,
BUXOJSIYM 13 3araJIbHUX TEHACHIIA PO3rOPTAaHHS MPOIECIB B IIJIICHUX CHCTEMaX.
Jns uporo HajACKIaaHe, OE3KOHEUHOMIPHA, XAOTH30BaHA Ha PIBHI €JIEMEHTIB
CUCTEMa TOBHUHHA OMNUCYBAaTHUCS, K 1 BCAKAa HENIHIAHA CHUCTEMa, HEBEIUKUM
yuciaoM ¢GyHAAMEHTAIbHHUX 1JIed Ta 00pa3iB, a 3roJJ0OM MaTeMaTHYHUX MOJICIICH,

110 BU3HAYAIOTH 3arajbHi TEHACHIT pO3BUTKY cuctemu [53].

2.5 Meron no0yn0oBu (a30BUX MOPTPETIB

EBomtonito CUCTEMH YacTO NPEACTaBISIIOTH B JEIKOMY aOCTpakTHOMY
IPOCTOP1 CTaHIB , 110 OTPUMaB Ha3By ()a30BOro, B IKOMY KOOpJAMHATAMHM CIIyKaTb
KOMIIOHEHTH cTaHy. KOXXHOTO MOXJIHMBOTO CTaHy CHCTEMH BIAMOBIZa€E TOYKa
dazoBoro npoctopy. CyTHICTh MOHATTS (Aa30BOTO MPOCTOPY MOJSATAE B TOMY, IIIO
CTaH sIK 3aBTOJHO CKJIAQJHOI CHCTEMHU TPEICTABIAETHCS Y HHOMY OJHIET €TUHOIO
TOYKOIO , & €BOJIIOLISI CUCTEMU - MEPEMIIIEHHAM Li€i TOUkU. CYKYMHICTh TOYOK Y
¢dha3oBOMy TPOCTOpi, MOJOKEHHS SKUX BIJAMOBiJIa€ CTaHAM CHUCTEMH B IPOIIECi
3MIHM y 4aci, Ha3uBaeTbcs (ha3oBor0 TpaekTopiero. CyKymHICTh (a30BUX

TPAEKTOPIA TPU PI3HUX MOYATKOBUX 3HAUCHHSX 3MIHHUX A€ JIETKO JOCTYITHUN
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JUTsL oTJIsiy mopTpet cuctemu. [1odynoBa ¢a3zoBoro moprpera J03BOSIE 3pOOUTH
BHCHOBKHM IIPO XapakTep 3MiH CUCTEeMHU 0€3 3HAHHS aHATNITHYHHUX PIIICHb BUX1THOT
CUCTEMH PIiBHSHB, 1[0 OMUCYIOTHh EBOJIOIII0 cCUCTeMH [54].

Oxpemum BunaakoM ($a3oBoro npocTopy € Gpazona MJIOMIUHA - KOOPAUHATHA
IUTONIMHA, B SKii MO 0CAX KOOPJIWHAT BIIKIAIAIOThCS Oyb-sKi AB1 3MiHHI ((ha30Bi
KOOpAMHATH), OJJHO3HAYHO BH3HAYAIOTh CTaH CUCTEMH.

Koopaunatu ¢a3oBoro mpoctopy BHOMpAIOTHCA B 3aJIEKHOCTI BiJl METH
aHasizy. 3aJeXHO BiJl KOOPAUHAT , [0 YTBOPIOIOTH (ha30BUIA MPOCTIP PO3PI3HAIOTH
JUHAMIYHE 1 mapaMmeTpuyHe ¢a3oBuUil mpocTip. Y JIUHaAMIYHOMY (DazoBOMY
MPOCTOpI MO OAHINM 3 OCeM BIIKIAMAIOTh 3HAYECHHS SKOI-HEeOyabh 3MIHHOI, a 3a
IHIIOKO Tepuly MOXiAHy, a0o IIBWAKICTh 3MIHM B 4Yacl Il€i 3MIHHOI.
[TapameTrpuunuii pazoBuit mpocTip OYIyeThCs Ha OCAX HE3aJIEKHUX 3MIHHUX.

JUist  mOCHIIpKeHHST JMHAMIKA [apaMeTpiB  MPOAYKIIHHO-IEeCTPYKIIHHUX
MPOIIECIB 3a JIAaHUMH TOJILOBUX CIOCTEpPEKEHb OyayBanucs (a3oBi moprperd. 3
I1€10 METOI0 OyJIM BUKOPUCTAHI IMHaMIuH1 (pa30Bi IJIOMIKHI, TapamMeTpuyHi (Ha3oBi
IUIOLIMHU 1 TPUBUMIpHE AUHAMiyHe (ha30BHMl mpocTip. [HIIMMU cioBaMu aHaii3
JUHAMIKH  TIPOIYKIIMHO-IECTPYKIIIHHUX TIPOLIECIB TMPOBOIUIN Y (hazoBOMYy
IPOCTOPI, 110 JO3BOJMIO MPEACTABUTH SKICHY KapTUHY 3MIHHM CTaHIB €KOCHUCTEM
1o ix (pa30BUM MOPTpPETaM, HE BIAIOYUCH 10 MATEMATUIHOTO MOJICTTIOBAHHSI.

JlocmiKeHHsT €BOJTIONIT CTaHIB CKJIAIHUX CUCTEM 3a JIOMOMOTor0 (ha3oBOro
MPOCTOPY IIMPOKO 3aCTOCOBYETHCS B MATEMATUUYHIM €KOJIOTIi 1 OIIHIOETHCA SIK
«HaWBAXJIMBIIIUKA 1HCTPYMEHT IJIsi (POPMYBaHHS HAyKOBUX 3aKOHIB 1 HAYKOBOTO

nepeadadenHs y ¢isuii i ximii» [55], [56].
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2.6 OrriHKa MOKa3HIKIB CTIMKOCTI B T€OPii HEJTHEHHIX CUCTEM

BaxxuBuUM MOHATTSAM AMHAMIYHUX CHUCTEM € arTpakTtop. s cucrem, 1o
3HaXOJATHCS B TMOJIOKEHHI PIBHOBArW, aTTPAKTOp SBIIsIE COOOI0 TOUKY (31 3MIHOIO
4acy CTaH IX HE€ 3MIHIOETBCS), /Ul KOJIMBAJIBHUX CHUCTEM — 3aMKHYTI TPA€KTOpIi
(umknn). JI7s XaOTHUHUX CHCTEM ICHYE aTTPaKTOp, SIKWH HA3WBA€THCS AUBHHUM, B
bOMY BHIMAJIKy TPAEKTOPIi CTATYIOThCS, ajie HE B TOYKY, KPUBY, TOpP, a B JIEAKY
HIAMHOXHUHY ()a30BOTO MPOCTOPY. ATTPAKTOp € 1HBApIaHTHOI XapaKTEPUCTHKOIO
CUCTEMHU, TOOTO 30€pIraeThCs MPH 111X MEPETBOPEHb.

OnHO3HAYHUMHU  XapaKTEPUCTUKAMU XAOTUYHOCTI CHUTHAy € CHEKTp
noka3HukiB JlsmyHoBa. Ilo3uTWBHMII MakcuMajabHUM MOKa3HUK JlsmyHoBa €
MOKa3HUKOM XaOTHYHOI JUHAMIKH, HyJTbOBUI MaKCHMaJIbHUM MOKa3HUK JIsmyHOBa
MO3HAYa€ TPAaHWYHUN 1UKI a0 KBa3IMepiOAUYHUX OpOITYy 1 HEraTUBHUUN
MaKCUMaJIbHUI TOKa3HUK JIsimyHOBa siBisie co00r0 Hepyxomy Touky. Cucrema
pPO3MIPHOCTI N Ma€ N TOKa3HHWKIB JlgamyHoBa: A1, Ag,..., An, YIOPSAKOBAaHUX 32
3MEHIIECHHSIM. JluHamMiyHl cUCTeMH, Uil SKUX n-MipHUH @a3zoBuil  00'eM
3MEHIIYEThCS, HA3UBAIOTHCS TUCUMTATUBHUMHU. SIK110 (ha3oBuUii 00'eM 30epiraeThes,
TO Taki CHCTEMU HOCSATh Ha3BYy KOHCEPBATHBHUX. Y KOHCEPBAaTUBHUX CHCTEM
3aBXIU ICHye Xoya O OIMH 3aKoH 30epexeHHs. HasBHICTh 3aKOHY 30epexeHHs
4acTO CIPUYMHSAE ICHYBaHHS BIJAMOBIIHOTO HOMY HYJIBOBOTO IOKa3HUKA
JIsmynoBa. Iy qucMNaTUBHUX JUHAMIYHUX CHUCTEM CyMa IMOKa3HMKIB JlsmyHoBa
3aBKIM HEraTMBHA. Y  JWCHUIIATUBHUX CHUCTEM TMOKa3HWKK JlsmyHoBa
1HBapIaHTHIIIO0 BCIX TOYaTKOBUX YMOB.

3a nokazHukamu JlsmyHoBa MOKHa 0araTo 4Oro CKa3aTH MPO JUHAMIYHIN
CUCTEMI, MPO ILIO CIOCTEPIraeTbcs PEXHUMIi, MPO PO3MIPHOCTI aTPAKTOPA, SKILIO
TaKUil €, 1 MPO EHTPOIII0 JUHAMIYHOI CUCTEeMHU. /[MHAMIYHOMY XaoCy BiJIIIOBIJIa€
HECTIMKICTh KOXXHOI OKpeMOi TpaekTopii, TOOTO HAasSBHICTh X04a O OJHOTO

MO3UTUBHOTO TOKa3HWKa JlsmyHoBa. TspkiHHS 10 aTTpakTopy BUMAarae, moo
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da3oBl 00OCITH BEJIMKHUX PO3MIPHOCTEH CTHUCKAJIMCS, IO W BigoOpakeHO B
JSITYHOBCKOM  CIIEKTpi. 3HAHHS TMOKa3HUKIB JIAMyHOBA J03BOJISIE OINIHHWTH 1
(dpakTaIbHy pO3MIPHICT aT TpakTopa [57].

PosrnsiHeMo Touky X(t;), NpPUHAICKHY aTTPAKTOPY ICSIKOI JUHAMIYHOT
CHCTEMH B IOYATKOBHUI MOMEHT 4acy t,. 3aJaBIIMCh JACIKHM MaiM MMO3UTHBHUM
grcioM &(ty), BUOEpEeMO Ha aTTpaKTOpe Ie OaHY TOUKy X (ty) Tak, moob ||X(t,) —
x(ty)ll = €(ty ). Yepes mpomikok yacy At Touxu x( t,) Ta X(t,) €BOIIOIIOHYIOTH
BiamoBiaHO B x(t) 1 X(t), BiZcTaHh Mi’K HUMH ITO3HAYUMO depes &(t), e t = to+ At
(puc.2.6).

OueBuaHo, 1o ¢&(t) 3aleXuTh Big MOMOKeHHS To4oKk X(t,) 1 X(ty),
NPOMIDKKY Yacy At i, 3BHYaiiHO, BJIACTHBOCTEH caMoi quHaMiuHOi cucteMu. OniHaK,

CIIpOIICHO, MOXKHA BBAaKAaTH, 110

e(t) = e(ty)e?, (2.6)

e A — mapameTp, 0 XapakTepu3ye MUHAMIYHY CHUCTEMY 1 3BaHHMM CTaplIuM

noka3HukoMm JIsmyHoBa abo eKkcrioHeHToro JIsmyHoBa.

Pucynok 2.6 — [lo BU3HaueHHs NOHATTA €KCIIOHEHTH JIsimyHOBa

[Ticyist ennemMeHTapHUX MEPETBOPEHD OICPIKUMO:

RN C)
A=—ln- (2.7)

e(to)’
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Bigpa3y HeoOXi1HO 3po0OUTH JBa 3ayBaKEHHS:

— TO-TIepIIe, B OCTAHHROMY CITIBBITHOIICHHI, B CHUTy OOMEKEHOCTI aTTpaKkTopa
(a 3HAYUTH OOMEX)EHOCTI &(t)) At Ma€ 3poCcTaTH A0 TUX Mip, TTOKHU &(t) ICTOTHO
MEHIIIE PO3MIpIB aTTPaKTOpa, IHAKIIE A Oy/ie JOPIBHIOE HYJIIO, pU At — o0;

— mo-apyre, obuucieHe BiAmoBimHO 10 (19) 3Ha4YeHHS A CHiA PO3TIAIATH SIK
YCEpEIHEHE 10 BCIX TTOYAaTKOBHM TOYKaM X (t 0) aTTpakTopa CUCTEMHU.

3 ypaxyBaHHSM IIMX 3ayBaX€Hb MOJKHA CTPOTO BHU3HAYHUTH CTapIIHA

ITIOKAa3HHUK H}IHYHOBa CHiBBiI[HOHICHHSIM:

_ . 1 e(t)
A = Ex(ty)ea Altl_r>r(1)o A—tln e (" (2.8)
e(t)<diam A

ne A — artpaktop cucremu, diam A — ¥oro giamerp, a E {*} — maremaTuune
OY1KYBaHHSI.

Crapumii noka3Huk JlsimyHoBa XapakTepu3ye CTYIIHb €KCIOHEHI1aTbHOTO
PO301KHOCTI OM3bKUX TpaekTopiil. HasiBHICTh y cCCTEMU O3UTUBHOI €KCIIOHEHTH
JlsmyHOBa CBIAYUTH MPO T€, MO0 Oynb-iKl ABI OJM3BKI TPAEKTOPIi IMIBHIKO
pPO3XOASAThCA 3 IUIMHOM 4Yacy, TOOTO Mae MiClle YYTJIUBICTH [0 3HA4YeHb
NOYaTKOBUX yMOB. ToMy BH3HA4YeHHS €KCIOHEHTH JlsamyHoBa 103BOJIsLE
11eHTU(IKYBATH TUHAMIYHY CUCTEMY 3 TOUYKH 30pYy MPUCYTHOCTI B HIMl XaOTUYHOTO
MOBE/IIHKHU.

Jist  gocmipkeHHs  CTIMKOCTI  OilonieHo3y  (imodopu  obuucaroBammcs

noka3zHuku JlsmyHoBa. /s oOuucieHb BUKOpHUCTOBYBajacs cucrema TISEAN

[58].
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3 KOMIUIEKCHA OIIHKA BIUIMBY ITPUPOIHUX TA
AHTPOIIOI'EHHUX ®AKTOPIB HA AKICTb ITPUBEPEXXHNX BO/I
YOPHOI'O MOPA 3A TIEPIO/] 3 2012 10 2018 PP.

KomriekcHa olliHKa BIUIMBY NMPUPOJHUX Ta AHTPOMOreHHUX (haKTOpiB Ha
AKICTh TpuOepexHUX BoA YOpHOro Mopsi MpoBeeHA METOJIOM MaTeMaTHYHOIO

MoaemoBaHHs 1ytst iepioay 3 2008 mo 2018 pp.

3.1 MaremaTnyHa MOAENb €EKOCUCTEMU YOPHOTO MOPS

CrpykTypa XiMiK0-01010T14HOT MOJIEI SKOCTI MOPCBHKHX BOJI CKJIAJIa€ThCS 3
JIBOX OJIOKIB:

— OJOKY CaMOOYMIIICHHS, y SKOMY PO3PaXOBYEThCS 3MEHIICHHSI KOHIIEHTpAIlil
3a0pyHIOIOYOI PEUYOBMHU B KOXHIM JIOKaJIBHIA TOYIl TPOCTOPY B
pe3ynbTaTi CyKymHOi [ii pi3HOro poxay (i3uKO-XIMIYHUX, XIMIYHHX,
O10XIMIYHUX 1 OIOJIOTIYHMX MPOULECIB, IO MPOTIKAOTh Y MOPCHKOMY
CepeIOBUIII;

— 0OJIoKy eBTpoddiKaliii, o IPeaACTaBise cOO0I0 CUCTEMY B3aEMOOOYMOBIICHHX
nudepeHIiiaTbHUX PIBHSIHB, K1 OMUCYIOTh O10T€OXIMIUHI UKW O10T€HHUX
€JIEMEHTIB, TPOJYKII0 1 JACCTPYKIII OpraHI4YHOI PpPEYOBUHH, TpOQdiuHi
3B'SI3KM 1 IMHAMIKY KMCHIO B JIOKAJIbHIM TOYIll BOJIHOTO CEPEIOBHUIIIA.
brox camooYMIeHHST BOJ 3aCTOCOBYETHCS IS 3a0pYAHIOIOYHUX PEUYOBUH

(3P), mo He BIacTUBI MOPCHKOMY CEPEIOBUIILY, TOOTO HAAXOASATh 10 €KOCUCTEMU 3
30BHIIIHIX, SK TPaBUJIO, AHTPOMOTEHHMX JDKEped 1 HE MalTh Yy MOPCHKOMY
CepeZIOBHILIl ICTOTHUX BaroMux Jukepen. Lliif yMoBi 3a7J0BOJIBHSIOTH, Y 3aralbHOMY
BUIAJIKY, TOKCHUKAHTH: Ha(TOMPOIYKTH, CHUHTETUYHI MOBEPXHEBO-aKTHUBHI

PEYOBHHH, MMATOT'€HHI OakTepii, heHor, BaxkKi MeTanu Tomo [59].
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[Ipu BupimeHHI 3a/a4yl CaMOOYHIIEHHS BOJI BPAaXOBYIOThCS JIMIIE Ti
MPUPOJIHI TIPOLIECH, SKI MPUBOAATH 10 Iudy3ii, pyiiHyBaHHS 1 TpaHcdopmarii
3a0pyIHIOIOYMX PEUYOBHH Y BOJHOMY CEPEIOBHIII AOCIIHKYBAHOI aKkBaTOpii Mops,
ab0 CIpUsIOTh BUBEICHHIO IIMX PEUOBHUH 3a ii Mexi. Bropunaumu mxepenamu 3P
y BOJHOMY CEpEIOBHIII NpPU PO3B’SA3aHHI 3a7adul CAaMOOYMILEHHS, SK MPABUJIIO,
HEXTYIOTh, BBXKAIOUH, 1110 BOHH BIACYTHI 200 iX IHTEHCHUBHICTh HE3PIBHSHHO Malia
y TIOPIBHSHHI 3 IIPOIIECaMH Jierpaaaliii 1 po3mnasuy.

VY mepmiomy HaOIMKEHHI, TIPU MOOYIOBI OJOKY CaMOOYHIIICHHS BOJ BiJ
HEKOHCepBaTUBHUX 3P mpumyckaroTh, IO iXHS JECTPYKLIS ONHCYETHCS
KIHETUYHUM PIBHSHHAM peakiii 1-ro mopsaky. OCKiIbKM B yMOBax BOJIHOTO
CepeloBUIA XIMIYHI, 010JIOT14HI, 010XIMidHI 1 (PI3UKO-XIMIYHI HPOLECH PO3Haay
3P TicHO B3a€MOIOB’s3aH1 1 MPOTIKAIOTh OJTHOYACHO, TO HAMOUIBII JOLUIBHUM JIJIst
NPAKTHYHUX PO3PAXyHKIB € BU3HAYCHHS 1 BUKOPUCTAHHS CyMapHUX MHUTOMHX
mBuAKocTell Tpancdopmanii (koedinientis HekoncepaTuBHOCTi) 3P. Ix 3HAaueHHS
JUIsT KOHKpeTHUX TumiB 3P MoOXyTh OyTH B3STI 3 JITEpaTypHUX JKepen, abo
BU3HAUEHI B HATYpPHUX YW, Yy MAaKCUMaJIbHO HAaOMDKEHUX [0 HATYpHHX,
nabopaTtopuux ymoBax. Ilpm 1bOoMy HeE BHUKOHYeTbCS audepeHIinoBaHUN
KUIBKICHUI OOJIIK OKpeMHX IpoleciB. B okpemMux BHMaaKax, MpU HasBHOCTI
HeoOX1qHO1 1HQopMalii, KkoedilieHT HeKoHcepBatuBHOCTI 3P Moxke OyTu
MPEACTABICHUN Y MYJbTUILTIKATUBHIN (opMi sIK (DYHKIS BlJ BUSHAYAIOUUX HOTO
XapaKTePUCTHUK BOIHOTO CEPEOBHIIA.

brox eBTpodikariii Mmae OUIBII CKJIaJHY MaTeMaTHYHYy CTPYKTYPY, OCKIJIbKU
(bakTHYHO SABJsIE COOOI0 MOJIETh (PYHKITIOHYBaHHS BOJHOI €KOCUCTEMHU 3 BUCOKHM
CTYIEHEM arperoBaHOCTI 1i O10JIOTYHUX €JIEMEHTIB. Y HbOMY PO3IJISJAIOTHCS SIK
npsiMi, Tak 1 3BOPOTHI 3B'A3KM MK OIOTHYHUMHU 1 aOIOTHUHUMH €JIEeMEHTaMU
€KOCUCTEMU NMPHU 00OB'I3KOBIA YMOBI BUKOHAHHS 3aKOHIB 30€peKEeHHSI pEYOBHUH Ta
eHeprii. ¥ SKOCTI eJeMEeHTIB OJOKy eBTpodiKalii po3risgaloTbCs MOKa3HUKH
SKOCT1 BOJ] MOPCHKHUX €KOCHCTEM, 10 XapaKTepU3ylrTh PIBEHb iXHBOT TPOHHOCTI 1

carmpoOHocTi. Jlo 4YWcna TakuxX TOKa3HUKIB — BIIHOCATBCS:  KOHIIGHTpaIlli
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MIHEpAJIBHUX 1 OpraHiuHuX (Gop™m OIOTEeHHHX PEeuoBHH, Oiomaca (DITOIUIAHKTOHY 1
OakTepiii, BMicT KucHio [60].

bionoro-ximiunuii 610k OyAyeTbcsl HA TPUHLUINL  yCEpEeTHEHHS 1
arperyBaHHs 13 HACTYIMHOI 1€papXIYyHOIO0 JEKOMITO3MIli€l0. BepxHiii, abo
MOYaTKOBUH, PIBEHb B 1€papXii CTPYKTYpH MOJIENl YTBOPIOIOTH KOMIIOHEHTH,
KOHIIEHTpAIli SIKUX CAYTYIOTh (DOHOBUMH (DaKTOpaMH, 110 BU3HAYAIOTH ICHYBaHHS
010JI0TYHMX BHUIB 1 MPOTIKAHHS 3B’ SI3aHUX 3 HUM Iporieci [61].

Takux KOMIOHEHT BHUSBMJIOCH BICIM: CyMapHi (iTO- 1 300IUIAHKTOH,
BOJOPOCTiI-MakpodiTH, a30T, pocdop, 3aBUCII 1 PO3UUHEHI OPTaHiuHI PEYOBUHH 1
pubM 1BOX BUMIB (Xamca 1 mmpoT). MOXKIUBICTh arperyBaHHs 0aratboxX BUIIB B
OJTHy KOMIIOHEHTy O0a3yeTbCsi Ha TOMY, IO BOJHE CEPEAOBHUIIC SBISETHCS
OPUPOJHUM 1HTETPATOPOM, B SKOMY IIYMYEThCS [iS OKPEMHUX BHJIB, IO

BUCTYNAIOTh y BUIJISAL JKepesl abo CTOKY pedyoBUH. Ha BepxHbOMY 1€papXidyHOMY
.. . (0) . ..
PIBHI MOJEIIOBaHHSI arperoBaHi KOMIIOHEHTH U; ~, O10JI0ro-XiMidHOTO OJIOKY

BBa)KAIOTHCSI MPOCTOPOBO OIOCEPEAKOBAHUMHU. TaKUM YHWHOM, 1€l OJIOK SBIIsE
co00I0  «SIIIMKOBY»  ab0  «OOKC-MOAENb»  MIJACHUCTEMH.  ATperyBaHHS
3aCTOCOBYETHCS 1 IO PEUYOBUH, POJIb SKHUX B CHCTEMI OJJHAKOBA IO BIIHOIICHHIO JI0
KOMIIOHEHTIB 1[0 BPaXxOBYIOTbCS. ATpEroBaHi MNPOCTOPOBO OINOCEPENKOBaHI
KOMIIOHEHTH 3B’s3aH1 3 KOHIEHTpALIsIMU BIAMOBIIHUX BUXIJHUX IKUBHUX 1

HCXKXHNBHX PCUOBHH HACTYIIHUM CHiBBiI[HOHIeHHHMI
{ﬂ]
=J, T, wd (3.1)

He U; — KoHIEHTpalliss 0loMac OKpeMHX BHUJAIB OpraHi3MiB, a00 HEXHBHUX
PEUYOBHH;

N — 06’eM cepenoBuila, 3aHATOTO €KOCUCTEMOIO;

N; — u4ucno BHXIZHMX KOMIIOHEHT, 00’€IHaHMX B i-i arpero.aHii

KOMIIOHEHTI.
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B mogmeni migcucreMu «puOu» OMUCYETHCS N BUIIB pUO, PO3NUICHHX Ha
CTajli: 1Kpa, TUMYMHKHA, MAJILKHU 1 JOPOCi 0COOMHHU pi3HOTOo BiKy. Uunciao mopociaux
cTauii pulOu JOPIBHIOE MaKCUMAalbHIN TPUBAJIOCTI XKHUTTS pUO [aHOTO BHUY,
BUPXEHIN B pokax. J[JIs €KOJOTIYHUX IMPOTHO31B, OPIEHTOBAHMX HA BUPIIICHHS
3aJa4 yMpaBIiHHSI PUOHUMHU pecypcaMu, BUXITHUMU MapamMeTpaMu OJOKY «pHOm»
NpUIMAETHCS CyMapHa YHCENBHICTh JOPOCTUX CTafiil pub 1-TO BHIY B MOMEHT

Jacy t:
N (t) = ?::_r N;; (1), (3.2)

ne ] — Bik puOH B pOKax;
T — MakcumanbHa TPUBAIICTD KUTTS PUO 1-TO BUY;

N;; — uncenbHicTh pub, O BXOAATH B TPYILY, i BIIHOCATBLCS 10 j-TO BiKY.
Bemmunnu N;; MOXyTh Tinbku criagaTu. PIBHAHHA 110 iX OMMCYIOTH IIOBHHHI

BiIoOpakaTl OCHOBHI OCOOJIMBOCTI 3MIHM MOBeAiHKU pub y yaci. Ilpu mpomy
KIHIIEBHI CTaH SKOi-HEOYIb KUTTEBOI CTafli SBISETHCS MOYATKOBUM CTAHOM JIJISI
iHmoi. CrHiBBIAHOLIEHHS, IO ONHUCYIOTh CYKYNHICTh 3MIHHUX, IIOBHHHI
BpPaxOBYBAaTH HEPECT, BIKMBAHHS IKPUHOK, JUYMHOK 1 Majbka B Mepioj ix
PO3BUTKY B 3aJICKHOCTI BiJi HAsSBHOCTI Xap4yyBaHHS, XWKaKiB, 3MIHU CMEPTHOCTI
niJ BIUIMBOM 3a0pydHeHHs Ta 1HIIMX QakropiB. [loBUHHO BpaxoByBaTu
TJIOJIOBUTICTh OPraHi3MiB B 3aJIEKHOCTI BiJI XapuyBaHHS B TEPIOJ, IO TMEpeaye
PO3MHOKEHHIO.

Jns  mirpyrounx pud, SK 1 IS IHIIMX OpPraHi3MiB, 3MiHA JESKHUX
BIIOYBa€ThCS 3a MEKaMU aKBaTOpli PO3TAllyBaHHS €KOCHUCTEMHM II0 BHUBYAETHCS.
®di3uyH1, XIMIYHI Ta IHIIl YMOBM B I[MX 30HAX, HANpPHUKJIaJ 30HAX 3MMYBAaHHS,
BKJIFOUYAIOTHCS B MOJICIIb SIK 30BHIIITHI (DaKTOPH.

Baromum siBnsieTbCsl TepioJy «Haryiy» puO, KOJIM BOHHM B OCHOBHOMY

HApOLIYIOTh CBOIO Giomacy. UucenbHicTh pub no3HauaoTh gk Nij1 — Ha moyaTky

nepiofy Harynmy, a Nij2 — B kiHni uporo nepioay. ITicns 3aKkiHYeHHsS HAryJIbHOTO
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nepioay JesiKi BUAM puO 1IyTh Ha 3UMIBIIIO 1 MICJS IIbOTO TOBEPTAIOTHCS B apeall
HaryJjy noctapuiuMu Ha pik. [Ipu 11boMy puOu 3 BIKOM BHUIIMM BiJI TPAHUYHOTO
BUKIIIOUAIOTBbCA 3 po3risiny. [loyatkoBa umcenpHiCTh pud 3 BikoM | = 1

BHU3HAYAETHCS 32 (POPMYIIOI0:
Ny (D) = BB RPN 66N (1 — 1) + ), (3.3)

TYT

N{(f):ZF*Nij(E);f*=t_Ti+T;, (3.4)

He N, —uucensHicth cTaTeBo3piaux puo;
T* . . . * .
i — BIK CTaTeBOI 3plIOCTI,
d; — 107 CaMOK;
(1 — 4KMCENBHICTD IKpH HA OJJHY CAMKY;
(1) p2) p3) .. ) )
B, B;7, B, — xoe(ilicHTH BIKUBaHHS iKDHHOK, IMYNHOK, MAJIBKIB;

’j’ i— YHUCEJIbHICTh KHUTTE3AATHUX MaHBKiB, ITO BBOJATHCA B CUCTEMY HIIAXOM

MapUKYJbTYpPH;

(4) . o
B:1" — BUKMBaHHSA MaJIbKIB HA 3UMIBJI.

3UMIBJISL AOPOCIUX pUO OMHUCYETHCS PIBHAHHIM
Ny (0) = BEIN, oy (£ — 1) (3.5)
TyT B E?j — BWDKHMBaHHS TOPOCTUX puO Ha 3uMiBii (j=1):
ﬁ? =1—-a;;; —cy, (3.6)

ne @; ;> — IpupoHa CMEPTHICTh Ha 3UMIBIIL, C;jz — CTIaj BiJ MPOMKCITY Ha 3UMIBIIL.
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[IpumnyckaeTbcs, 1O TPUPOIHA CMEPTHICTH puO (HE TOB’sA3aHA 3 €O
XWKaKiB Ta MPOMUCITY) MOXKE 301IbIITYBAaTUCS MOXKE 301IbIITYBATUCS i BILTUBOM

rojony 1 3a0pynHeHb. CTemiHb TOJOMY OXapaKTEPU3YeEThCS I1HTErpalIbHUM

nedinurom pauiony D j
™

He T, —nepion narymy;
R;; — HopmanbHuii pamios;
T;j — peaJIbHUM pallioH.

3HAUCHHSIM PEaJbHOTO PAIlOHY € (PYHKIIiS BiJl HASBHOCTI 1XKI:
T = Tij(Pij)J (3.8)
ne Pij— cymapna ixa
Pij = X 21 @ Nig + 2y by 2. (3.9)

TyT CyYMYBaHHSl TOLIMPEHE Ha BCl BUAM puO 1 IUIAHKTOHHHMX OpraHi3MiB (3
KOHIICHTpAI€I0 Zk), MO CIOXHBAETHCA pubaMu 1-TO BHUAY j-TO BiKy. Macosi
koe(imieHTH 1, Dy mepeBomATH YMCENBHICTE OpPraHi3MiB B J€SKY €KBIBaJECHTHY
Oiomacy 3 ypaxyBaHHSIM KaJOPIHHOCTI TXKi.

[Ipupoany cMepTHICTH puO Ha 3UMIBII OXapaKTEPU3YEMO JIHIKHOIO
3aJICKHICTIO

0) (1 2
Gij2 = (I’Ejzja;:j?j D+ anE:]E’ (3.10)



63
ne  Dij — nediumr pauiony 3a HarynbHmI IIEPiO, IEPE] 3UMIBIIEIO;
£ — y3araJIbHeHHH mapaMeTp 3a0pyaHEHb.

Mogens miacucTeMu <«300IUIAHKTOH» OYIyeThCs 3TIAHO 3 HUISIMHU

MOJIeTIOBaHHs migcucTteMu «Pubu». 3 1i€l0 METOI0 300MIaHKTOH TPYIYETHCS Ha
¢dpakmii Mo BIAHOIICHHIO A0 1-TO BHUAY puO: Zi; — XIKaK IKpH; Z2; — XHKaK
JUYMHOK; Z3; — KOPM JUISl JIMYMHOK; Z4; — KOPM JUId ManbKa; Zs5; — KOPM JJIs
nopociux pud. 1o cknany KOMIOHEHT 300IJIaHKTOHY BXOJATh PI3HOMaHITHI HOTo
BUJIM. 30KpEMaA B JIaH1 MOJEJIl BPaxOBY€EThCSI KOPMOBHIA 300IIJIaHKTOH.

OcCKUJIbKH pO3MHOXKEHHSI pUO BiIOYBa€ThCS B HEPECTOBI MEPIOJIM 1 B MOAEIII
¢irypye Olomaca JOpOCIMX OCOOMH, HpHUpICT OiomMacu puOM 3a PaxyHOK

PO3MHOKEHHS BPaXOBY€ETHCS 3aaHHAM IIOYaTKOBOT YMOBH Y BUTJISII
Us(tor) = Ug(t1—1) + B3 [baﬁzﬁl{;a Ua(tzik— 1]) + fa]; (3.11)

ne  Lor - MOMEHT moyatky k-ro poky;
L1(k-1) — MoMeHT 3akindeHHs (k—1)-ro poky;
L2x—1) — cepenuna nepioay Hepecty (k—1)-ro poky;
G — KiNBKICTB iIKPMHOK Ha OfIHY PHOY;
B1, B2, B3 — BuKMBaHHS iKPUHOK, THYMHOK, MAJIbKa;
be — xapakTepHa 6iomaca ManbKa;

Je — Giomaca mManbka pHO, IO BBOIAATHECA B CHCTEMY 3a PaXyHOK IITY4HOTO
PO3BEICHHS — MApUKYJIBTYPH.

AHasorigyHo migcucteMa «@DITOMJIAHKTOH» TaK0X MOXE OyTH PO3iJIECHOIO
Ha OLIbII MUIKI CTPYKTYPHI YaCTHMHHM 3 ypaxyBaHHAM ii B3aeMoiid 3 OlokaMu
«300TUTaHKTOH» 1 «PuOm».

Yci OCHOBHI KOMIIOHEHTH €KOCHCTEMHU SIBJSIOTHCS KOHIICHTpALisiMU

BiNMOBiMHUX pedoBuH. [lo3HauaroTh KOHIEHTparii Oiomac uepes Xiw — mus

KopMoBoro i Xi; — i He KOpMOBOro (iTornaHkToHy. Jlami BBOJATH
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KOHIIeHTpanii 6Giomac i pewoBmn: X, — Bomopocreli-makpoditie; Xz —
300IUIAHKTOHY; X4, X5 — 3aCBOIOBAaHHX CIOOYyK a3ory Ta (dochopy; Xg —
OpraHiYHMX pE4YOBMH B HexuBid (asi; X; — pub. 300MIAHKTOH MOXKE

MiApO3ainaTHCS HA TpU (pakiii: Xar — TpaBoimHi; Xax — XMKaKU; X3y — Ti IO
XapuyloTbcs Makpoditamu. B SKOCTI MOKXUBHUX PEYOBHH MPUHMAIOTH CIIOIYKU
azoTy Ta (pocdopy sKi JIMITYIOTh GoTOoCHHTE3. JI0 HUX B psijii BUMAAKIB MOXKYTh

JI0JTaBaTUCSl CHOJNYKH KpeMmHito. OpraHiyHi peyOBHHM MiJIPO3AUISIOTECA Ha JBI
dpakunii: Xep — posumHeHi opraHiuHi pedoBHHY i Xe; — TBEPAi 3aBUCHI (IETPUT).
Pubu MOXyTh MIAPO3AUIATH HAa HA TUIAHKTOHOIMHI Ta XK1 3 KOHIEHTpaLisIMU
oiomac BigmoBigHO X7; i X7x. JleTamizalis ONMCaHHS KOMIIOHEHT €KOCHUCTEMU
MPOBOJAUTLCA IIUISIXOM BBEACHHS JOJATKOBUX (pakiii, ane I KOXKHOTO
KOHKPETHOTO BHUIIQJKy IOTPIOHO 3BOJWUTH YHCIO OCHOBHUX KOMIIOHEHT JI0
MiHiMyMy. [lepepaxoBaHi KOMIOHEHTH ONHCYIOThCS CHUCTEMOIO 3BHUYAMHHUX

nu(epeHIiaIbHUX PIBHSHB HACTYITHOT'O BUTY:
dx;
— = Lk QX + Fy, (3.12)

Jie TIepIINi T0AaHOK cripaBa 0OYMOBJICHHM BHYTPIIIHIMU B3a€EMOJIISIMUA B CUCTEMI,
a F; — BmmBoM 30BHiHIX Mex. Bemumumna F; nns BCiX KOMIIOHEHT mIO
MEPEHOCITHCS TEUi€t0, TOOTO JIJIsi BCIX KOMIIOHEHT, KPIM BOAOPOCTEH-MaKpOdiTiB,
300IUIAHKTOHY 1 puO, BU3HAYAETHCA HA OCHOBI PO3PAXYHKY BOJOOOMIHY Ha
rpanuisix obnacti. Hexalh Benmmumna Q — cymMapHHM TIOTIK TIOCTYIAKOUU
rubuHENX Bon, @2 — moTik MOCTYNaO4YH MOBEPXHEBUX BOJI, Q: - CyMapHHI MOTIK
BUTIKalOYu BOjA, W — TMOTIK pIYHUX BOA, a V — 3arajbHuii 00’eMm menbdy. B

TAKOMY BHUITIAJIKY OTPHUMYIOTh!

VF; = Q&5 + QX + WXy — Q4 4,, (3.13)
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e X;s — KOHUEHTpalisg i-i KOMIOHEHTH B MOBEPXHEBUX BOJAX BiIKPUTOrO
MODSI;
X;p — B NIMOMHHUX 30HAX;
X;4 — B plYHHUX BOJAX.
Jlani po3risiHEMO BHpa3 MEPIIOro JOJaHKa JJIsi KOMIIOHEHT CHCTEMHU.

KoedirtieHT @11, 1110 BITHOCUTHCS 10 (DITOIIAHKTOHY, MAa€ BUTJIS;

a;; =TI; + Mg, — E4(T), (3.14)
ne Iy — mBugkicte QorocunTesy (ITOIIAHKTOHY, IO BH3HAYACTHCA 34
npuHIunom Jlidixa.

I1; = min(Il;4,M4,1155), (3.15)

ne g, M, Il;s — mBuakocti dorocuHTE3y, IO IMITYHOTBCS BiANOBiIHO
OCBITJICHHSIM COHS'YHUM CBITJIOM, KOHIIGHTpAIlIIMH OIOT€HHUX CIIOJIYK a30Ty Ta

(ocdopy.
B excnepumeHTax 3a3BHYaii BCTAHOBIIOETHCS UHWCIO MJUICHHS KIITHH

(biTorankToHy 3a 100y, TOOTO KOHCTaHTa AineHHs — Ki;, ne j = 0,4,5 BigHOCATHCS

JI0 BHUMAJIKIB, KOJH B POJII JIMITYIOUH (PAKTOPiB BUCTYIMAIOTh OKPEMO CBITIIO, a30T

a60 ocdop. Benuuunu I1;; MoxyTh BUpaskaTHcs yepes KOHCTAHTH JiJIEHHS

_1n2

IT;; ?ki;’, (3.16)

ne U, —yac piBHHI 1001.
KoedimieHTn piBHAHL I KOHIEHTpaliii GiOreHHUX CIONYK a30Ty XsiTa

pocpopy Xs o00yMOBIEHI CHNOKMBAaHHAM IMX CHONYK IpH  (POTOCHHTE3
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(bITOMJIAHKTOHY 1 BOJIOPOCTEH-MaKkpOo(PiTiB, a TaKOX BUBIJILHEHHSIM IMPU PO3KJIIAI]

HEKHBOI OPraHIgYHOT PEYOBUHHU:

a;; = =Dyl a;; = —Dppll;, (3.17)
a;e = DigE¢(T), i= 4,5, (3.18)

ne Di1,D;5,Di6 — moni asory (i = 4) i pocdopy (i = 5) B 6iomaci (iTomIaHKTOHY,
BOJIOPOCTEH-MaKpo(]ITIB Ta HEKUBIA OpraHIYHINA PEUOBHHI.

PiBHSHHSA JUIi  arperoBaHoi KOMIIOHEHTH X7, 5Ka XapaKTEpPU3ye
KOHLIEHTpaLito 0lomacu puO, CKIAJAETHCS HACTYIIHUM YUHOM, TIO3HAYAIOTh YEpe3

87 nmomo xuxux pub B ix 3aranpHil 6Giomaci. [Ipy HEOMY ISt INIAHKTOHOIAHUX PUO

oyze (1-67). KoeditieTn 6y1yTh MaTH BUIJISL

A7y = Xy7(1 — 8;)My5, Q73 = X37(1 — 8;) M35, (3.19)
a;7 = —(1—x57)(1—6;)6,M;;, — E; — (5, (3.20)

1yt C7 — mpomucnosa i E7 - npuponns cmepraicts pu6 [62].

AQUATOX noOpe miaxoauTh i aHamily OPUYMH Ta MPOTIKAHHSA
eBTpodikariii. MOXIIMBE 3aCTOCYBaHHS BKIIIOUA€E PO3TJIS KPUTEPIiB SIKOCTI BOAU
[0 OPraHIYHUX PEYOBMHAX, Ta aHAII3y ynpaBiaiHChKHX anbTepHaTuB. AQUATOX
MOJEJIOE 0arato 4YHCEJIbHI B3a€MOIOB'sI3aHI 3MIHHI, Ba)XXJIMBI B JUHAMILI

PO3UYHMHEHOT0 KUCHIO, Ta iX BIUIMB Ha BOJHE CEPEIOBUIIIE:

a30T (3araJibHa KiJIbKICTh, HITPAT, 10HIB Ta CIIOIYK aMiaKy;
— docdop (3aranpHa KUIBKICTh, pochath);

— PO3YMHEHUU KHCEHB;

— ©Olomaca BOJOpOCTEe, XJI0pOdLI;

— Oiomaca nepuduToHY;

— MakpodiTy;
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bioreHHi peyoBuHI
(NOs, NHs, PO-)

A

’ MNpvpoaHi BHECEHHS
N A

[etputi

CMEpPTHICTb

NOornMHaHHA

HeopraHiyHi BigknageHHs

3aBuCi peyoBUHK
A :
:3pOCTaHHA :
i MYTHOCTI
A Heyj
=
X
=)
: X
s
P =
53
£l
A

NOrNMHAaHHA

Pucynok 3.1 — Exosoriuni mporecu 1o mozentoe AQUATOX [62]

AQUATOX MoxHa 3acTOCOBYBaTH JII BEPTHKAIBHO CTpaTU(]PIKOBAHUX

BOJHUX 00'ekTax (03epa, MOps, IMMaHH):

— MOJEIo€ CTpaTu(IKalliio Ta 3MiHHI YMOBH Y KO)KHOMY 111api;

— MOJEJIO€E Pi3HI TUNHU (ITOIMIAHKTOHY, TaK, 100 MO)KHa OyJ0 nependauuTu

MOCJIIIOBHI 3MiHU Ha MPOTSA31 CE30HY.

MosentoBaHHsl BIAHOCHOTO HAJIMIIKY BOAOPOCTEBUX rpyn. Ha BiaMiHY BiH

OinbIocti Mojeneit omiHku sikocti Boau, AQUATOX posrisiiae 6iomarepito K

1HTEerpan XiMiYHO-(p13UYHOI CUCTEMHU.

AQUATOX BpaxoBy€ MpPaKTHYHO BECh LUKJ OOIry OIOT€HHMX PEUYOBUH Yy

BOJHOMY cepenoBuii (puc. 3.2, 3.3) [63].
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. TBapuHu
NMPUPOAHA CMEPTHICTb, EKCKPEMEHTU

>

posknaz NornnHaHHA

BUMUBAHHA

posknaa
acuminauis

posnaa

MornuHaHHA pusoigamn
MakpodiTie

BXiAHWUM NOTIK
pO34MHeEHi y BoAi

' BinbHuK asoT
! (He BpaxoByeTbcs

‘ T HiTpOreH'y TipChKiAX ™
nprpamoio) ‘neHiTpudikauia

nopoaax (He
BPaxoBYETLCS
nporpamMoo)

Pucynok 3.2 — Iukn uupkyssuii azoty B AQUATOX

NPUPOAHS CNEPTHICTb, EKCKPEMEHTH Uil

" po3knan NOrNMMHaHHA

po3knaa BUMUBAHHA

acuminsauia

posnaa

BXiAHWIA NOTIK MOrNMUHaHHA pu3oigamm

PO3YUMHEHUN Y
BOAI ®OCDHOP

®ocaTy y ripcbkux
nopoaax
(He BpaxoBYeTbCA)

Pucynox 3.3 — Huxn uupkynsuii pochopy B AQUATOX
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Po3paxyHku wyacoBoi auHamiku mnpudepexHux Boa OAechbKOro perioHy

BUKOHAaHI Ha 0a31 MaTeMaTU4IHOI Moei, mooyaoBanoi B mporpami AQUATOX.

AQUATOX sBasieTbCcsl OCTaHHBOIO 13 cepli Mojenel BOAHMX EKOCHCTEM

po3pobiieHnX B Mexxax MuikHapoaHoi bionoriunoi Ilporpamu, BoHa 00’€nHaina

anroputMu pobotu mojaeni CLEAN ta PEST npusHadeHHs sIKUX — IPOrHO3YBaHH

Ta aHaji3 E€KOJIOTIYHOTO CTaHy BOJHOrO cepenoBuima. Y Tabmwmii 3.1 HaBeneHi

OCHOBHI BUJIM OPTaHi3MIB, [0 BPaXOBaHi B MOJIEI.

Tabmuns 3.1 — OcHOBHI BUJIM OpraHi3MiB, BpaXOBaHUX B MaTeMaTUYHIN

mogenl ekocucrtemu [13UM

HasBa opraHizmy xapakTepHOTO Hasga oprani3my, abo ifioro ananory
g [13YM y 6i6miorerii AQUATOX

JliaToMOBi BOJIOPOCTi Diatom
3eneHi BOIOpOCTi Greens

®@iTorIankToH | CHMHBO-3€JIEH] BOJIOPOCTI Bl-Greens
JliHoiTOBI BOIOPOCTI Dinoflagellate
30J10THCTI BOJIOPOCTI Chrysophyta
Becnonori pauku Copepoda

3 linnsicToBycCi pauku Cladocera

OOIUTaHKTOH .

KosoBepTku Rotifera
XWKui 300TUTAHKTOH Predatory Zooplankton
[Monixern Polychaete

BerToc A1\.4(1')‘1'nozm Amphipod
Mimii Mussel
lactponoau Gastropod
Xamca Anchovy (Hamsa)

Putn HImpor Sprats
CraBpuaa Horse-mackerel
buyok Bullhead

VY T1abn. 3.2 3a pesynpraTamu poboTu [62] HaBeneHI pe3yibTaTH OIIHKH

SIKOCT1 MOJICTIBHUX PO3PaXyHKIB.
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Ta6nuis 3.2 — [lapaMeTpu OIIHKU SKOCTI MOJACIBHUX PO3PAXYHKIB

[Toka3HUKHU o S S/o
1 2 3 3
Hitparu 0.0505 0.0050 0.21
CoJloHICTh 2.39 0.5258 0.22
docharu 0.0131 0.0004 0.23
Kucenb, 2.15 0.516 0.24
AMOHIMHUH a30T 0.0382 0.0092 0.25
Jinoditosi 1.6060 0.2409 0.35
3eneHi 0.3266 0.1176 0.56
brnakutHOo-3eneHi 0.6802 0.4081 0.60
JliaromMOBI 0.6877 0.5226 0.70
CymapHuii 300IJIaHKTOH 0.0808 0.0574 0.71

MonenroBaHHSI €KOCUCTEMU MTPHOEPEKHUX BOA YOpHOTO MOpS MPOBECHO B
JiarHOCTUYHOMY pexumi. [Ipu npomy, (akTopu BIUIMBY Ha CTaH €KOCHUCTEMHU
BU3Havaiuca mnpotsarom mnepiogy 2008 — 2018 pp. mouenim YxkpHLIEM B
Opecwkiit 3aTomi (M. Manuit ®oHTan).

YacoBa paMHaMiKa TIOKa3HHKIB CTaHy €KOCHUCTEMH TMpEACTaBlieHa Y
Honatky 1.

JIJ1st KUTbKICHOT OI[IHKM BIUTMBY MIPUPOJHUX Ta aHTPOIOTCHHUX (PAaKTOPiB Ha
CTaH E€KOCHCTEM MOPCHKOTO IIeNb(y BHKOPUCTAEMO MOKA3HUK E€KOCHCTEMHOTO
PUBUKY, SIKUW MO€e OyTH BUpaXEHUM (PYHKIIIEIO B3a€MO3B’ 13Ky (PaKTOPiB BILUIUBY
3 TapamMeTpaMu CTaHy €KOCHUCTEMH Y  EBKIIJJOBOMY TMPOCTOpPi, SKUM

BUKOPUCTOBYETHCS B po0OOTI [62]:

R-/E’+C’, (3.21)

ne E — inTerpanbuuii pakTop BILTUBY;
C — iHTeTpaIbHUH MOKA3HUK CTaHY €KOCHCTEMH.

[HTerpanbHUil (pakTOp BIUIMBY B 3arajlbHOMY BHJI1 BUBHAYAETHCS:
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E=T ' (3.22)

e € — NOKa3HWK 1-r0 (hakTopy BIUIMBY, IO € HOPMOBAHOIO BEJIMYHUHOIO
BIIXWIECHHS (PaKTOPY BiJ HOPMU HA MAaKCUMAJIbHY aMILTITy1y KOJIMBAHb;

N - KiTBKICTh ()aKTOPIB BILIUBY.

3a aHaMoriyHOI0 (OPMYIIOI0 PO3PAXOBYETHCS I1HTErPATBHUNA TMOKAa3HUK
CTaHy.

VY sikocTi (hakTOpIB BIUIUBY PO3IIISIHYTO!

— Tlpupoani: Temneparypa Ta COJIOHICTh MOPCHKO1 BOJIH;
— AmnTponorenHi: 6ioreHHi peuoBuHHU, pH.

Ce3oHHIIa JMHaAMiKa CepeAHIX 3HA4Y€Hb Ta aMIUNTYId KOJIUBaHb
riipodi3MYHUX Ta TIAPOXIMIYHUX MOKA3HUKIB BOAM K (PaTOpiB BIUIMBY Ha CTaH
MOCPBKOi €KOCHCTEMH HaBeJeHa Ha pUCyHKax 3.4-3.8.

VY SKOCTI TOKa3HUKIB CTaHy EKOCHCTEMHU BHUKOPUCTAEMO O€3pO3MipHY
BEITMYMHY: BIAXUIICHHS XapaKTEPUCTUKHU (P/T), PO3paxoBaHOT OKPEMO JJIsl KOKHOTO
dakTopy BIUIMBY, BiJl pO3paxyHKy «HOpMa», HOPMOBaHY Ha aMIUTITYAy KOJHMBaHb
XapakTepUCTHKU (P/r), a TAaKOXK aHAJOTIYHY BEJIMYMHY 3arajbHOi Olomacu pudu

pubu (muB. puc. y lonarky 1).



Pucynok 3.4 — Ce30HHa [uHaMiKa cepeHIX 3HAYeHb Ta aMILTITy 1A
KOJIMBaHb IpoTsarom nepioay 2008 — 2018 pp.

TeMIEpaTypu MOPCbKoi Boau, °C

20
18
16
14
12

10

1 2 3 4 5 6 7 8 9 10 11 12
Pucynoxk 3.5 — Ce3oHHa quHAMIiKa CepeHIX 3HAYCHB Ta aMILTITYIH
KOJIUBaHb MpoTsroM nepioay 2008 — 2018 pp.

COJIOHICTI MOPCHKOT BOZIH %0;

72
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0,4

NO3 (mg/L)
== «= Min

0,35 7 == == Max
0,3
0,25
0,2
0,15

0,1

0,05

1 2 3 4 5 6 7 8 9 10 11 12

Pucynok 3.6 — Ce3oHHa quHaMiKa cepeHiX 3HAYeHb Ta aMILTITy U
KOJIMBaHb mpotsrom nepioay 2008 — 2018 pp. azoty

HITPAaTHOTO, MI/JT

0,08

0,07 ,~7\ me/L

~. \ ’r =
0,06
0,05
0,04

0,03

0,02

0,01

1 2 3 4 5 6 7 8 9 10 11 12

Pucynoxk 3.7 — Ce30HHaA quHAMIKa CepeHIX 3HAYCHB Ta aMILTITYIH
KOJIMBaHb mpotsrom nepioxy 2008 — 2018 pp. docdopy

dbocdarHoTrO, MI/11;
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1)
9
pH, pH
- == «= Min
8,6
8,4 NVQ\A/[\M/\J\
A \
" p‘ ¢ D ,f‘ / ,\.\!v\ r IN
82 / A \,\’ N W v ‘l’\'\ / N\,
8
7,8
7,6

1 2 3 4 5 6 7 8 9 10 11 12

Pucynox 3.8 — Ce3oHHa quHAMIKa CepeHIX 3HAYCHB Ta aMILTITYI!

KOJIMBaHb potsrom nepioay 2008 — 2018 pp. pH, oa. pH

3.3 Anauni3 pe3ynbTaTiB MAaTEMAaTUYHOTO EKCIIEPUMEHTY

YacoBa nuHaMika €KOCHCTEMHOTO PHU3UKY MpeACTaBieHa Ha puUcyHKy 3.9.
VY SKOCTI KPUTHUYHOTO 3HAYEHHS B3SJIM BEPXHIO MEXY JIOBIPYOrO IHTEpBAILY MJIs
CepenHbO-api(hMETUYHOTO 3HAYEHHS €KOCHCTEMHOTO pu3uKy Ha mpoTssi 2008 —
2018 pp. (cepenHbo-apiPMETHYHOTO 3HAYECHHS TUIIOC CEPEAHBO-KBAAPATHUHE
BIIXUJICHHS ).

Pe3ynbratu po3paxyHKy €KOCHUCTEMHOIO PU3HMKY Y IUIOIIMHI 3aJI€KHOCTI
CTaHy €KOCHUCTEMHU Bia (aKTOpiB BIUIMBY MpencTaBieH0 Ha pucyHky 3.10.

3HaYCHHSI PU3HKY, K1 PO3TAIIOBaHI Y YEPBOHIM 30HI € KPUTUYHUMU.



Pucynox 3.9 — YacoBa nuHamika eKOCUCTEMHOTO PU3UKY

3a epioa 2008-2018 pp.

O; 8 5000 © oom
0,7

0,6

0,5 "g

0,4

03 o

0,2

01 )
0

0 o1 02 03 04 05 06 07 08 09 1

Pucynok 3.10 — Po3paxyHKOBI BETMYMHU €KOCUCTEMHOTO PU3UKY Yy IJIOIIUH

1 3aJIE)KHOCTI CTaHy €KOCUCTEMH BiJl CyMH (haKTOPIB BILJIUBY

75



76

SAx BugHo 3 pucynky 3.10 10 YepBOHOI 30HU KPUTUYHOTO PHU3HKY
MOTPAITUAIIN TOYKH, K1 BiJIMTOBIAaI0Th BECHIHOMY TIE€PIOy.

BigmiHHOCTI, $KI CIOCTEpIralOThCAd MDK 3HAYEHHSAMH €KOCHCTEMHOTO
pusuky y 2017 p. Ta cepemHb00araTopiyHMMH 3HAYCHHSMHU, CIPUUUHEHI SK
IpUpPOIHUMH (DaKTOpaMHu (PI3HULICIO Y JTUHAMUII TEMIEPATypu Ta COJIOHOCTI), TaK
aQHTPONOTEHHUMHU (PI3HUIICIO KIJIBKOCTI O10M€HHUX PEYOBHH Y MOPCHKIN BO/I1).

Takum uYMHOM, pe3ynbTaTd, OTPUMAaHI MANSOCTAHHIX JECATH POKIB,
MOKa3yI0Th, 1110 MOPChKa exocucTeMa OJ1eChbKOi 3aTOKU 3HAXOAMIACh B KPU30BOMY
CTaH1 HAIPUKHUHIII 3UMH Ta B JIITKY.

OxpeMo CTOITh MUTAaHHS LI0JI0 CUCTEMH E€KOJIOTIYHOI'O MOHITOPHUHTY, siKa O
JTI03BOJIMJIA TOBHICTIO KOHTPOJIIOBATH BCl 3MIHM B €KOCHUCTEMI, SIK pe3yJbTaT il
IPUPOAHUX Ta AHTPOIIOTE€HHUX (PAKTOPIB.

AHaJi3 AWHAMIKA €KOCHUCTEMHOIO pHU3UKY B JIMHAMIYHOMY (pa30BOMY
MPOCTOPI TOKA3YeE, MO0 €KOCUCTEMA ITICIsl 30BHINIHHOTO BIUIUBY IIparHe 30epertu
novyaTkoBi 3HaueHHs (pucyHok 3.11). IHmmmu cimoBamu , 3MiHa O10THYHOI
CTPYKTYpH €KOCHCTEMH Ta 1HTEHCHBHOCTI 3MiHHM 0lOMacH y BIAMOBIAL Ha 3MIHY
YMOB HaBKOJIMIITHROTO CEPEIOBHINA CIPSMOBAHI Ha 30€pekKEHHsI ONMTUMAaJIbLHOTO

OajlaHCy B HOBUX YMOBAaX.

0,480721166

0,017509328

1 0,2

6;491690115

-0,6
Pucynok 3.11 — JluHaMiki €KOCUCTEMHOTO PU3UKY B (ha30BOMY MPOCTOPI
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Orminka MakCUMaJBbHOTO TMOKa3HWKa JIsSmyHOBa A, SKHH XapakTepusye
IIBUJIKICTh PO30IraHHs OJM3BKUX TPAEKTOPIH AUHAMIKU y (pa30BOMY IMPOCTOPI,
JI03BOJIUTH 3pOOMTH BHUCHOBKM IIOAO CTIKOCTI €KOCHCTEMH TIpU BILUIUBI
BU3HaUeHUX (aktopiB. [lo3uTHBHE 3HAUEHHS TOKA3HWKA 3a3BUYAl MPUIAMAEThCS
K 1HIMKATOP HECTINKOCTI CUCTEMHU.
Jlnis migpaxyHKy MakCUMAaJIbHOTO MOKa3HHKa JIAmyHOBa BUKOPHUCTOBYBAJIACs
yruiita lyap k 3 makery TISEAN. Pesynbrarom ii poboTu € Habip AaHHX, IO
NPEICTaBISIIOTE  CO00I0  3aJIeXKHICTh Jorapupma KoedimieHTa po30iraHHs

TpaekTopii Bix yacy S(e,m,AN),sIKuif 0O0YHCITIOETHCS TAKAUM YHHOM:

1

—
sy, )‘ Sn (—g“(% )
(3.23)

‘S‘no +An &) n+An

- N
S(S,H?,A}?)Z% Z In

4

M{):l

Sxmo BenuumHa S(g,M,AN) TposBisLe JiHIAHE 3pPOCTAaHHSA 3 OJHAKOBUM
YXUJIOM B PO3YMHOMY J1aMa30H1 3Ha4€Hb €, TOJl TAHI'€HC KyTa HAXUJTY MPAMOi, 110
anpPOKCUMYE ITI0 JUISTHKY, MOKHA BBa)KAaTU HAOIMIKEHO PIBHUM MaKCHUMAaJIbHOMY
MMOKA3HUKY JIAmyHOBa.

Pesynbrar, orpumanuii micias oOpoOku 3a momomororo ytuiitu lyap k,
MoKasye, 1o nokazHuk JlsmyHosa A 3MiHtoeThes Bin (-0.04) no (-0.001). Ockinbku

A <0, 11e 3HAYUTBh, III0 TaKa CUCTEMA HE MPOSIBIISIE€ 03HAK HECTINKOCTI.
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BUCHOBKUA

Exonoriyna ekoHOMO-coIlialibHa CHCTEMa MOEAHYE OKpeMi 11 CKIIafoB1 4epes
€KOCUCTEMHI TOCIyTd 1 yepe3 (aKTOpU BIUIMBY, 110 BUHUKAIOTh BHACIIJOK SIK
0e3Mocepe/THbOr0 BUKOPUCTAHHS MOCTYr, TaK 1 BHACIIJOK OINOCEPEIKOBAHOTO
BIUIMBY, 110 BUHUKAE B PE3YyJIbbTATl MISJIBHOCTI JIOAUHU B LIJIOMY.

3acToCyBaHHS KOHILIETITYaJIbHUX 3acaj] OLIIHKM €KOCHUCTEM 1 iX IMOCIyr Ha
MDKHApPOJHINA apeHi, nepeadadyae 3aCTOCYBaHHA ABOX Kiacudikalii: kiacudikaris
JUISL OLIHKM CTaHy €KOCHUCTEM, SKI HaJalTh TMOCAYrd 1 Kiacudikamisa
€KOCHUCTEMHHUX MOcIyr. Mera CTBOpEHHS €IMHOI Kiacu(ikallii Moysirae B TOMY,
00 JO3BOJMTH OO’€IHATH 1 MOPIBHATH 1H(POPMAILIiIO, 10 HAAXOAWTHh 3 KpaiH-
yieHiB €C. Jlo coucKy MOPCBKMX Ta MHPUOEPEKHHUX EKOCUCTEMHHUX IOCIYyT
B1AMOBIAHO 110 Kiacudikarii €C BIAHOCATHCS:

1) Tlocayru, mo 3a0e3MneuyroTh:
— 3a0e3meueHHs MPOAYKTaMU XapayBaHHS;
— 30epiranHs Ta 3a0€3MEUYCHHS BOJIOIO;
— OlosoriyHi MaTepianu 1 610MaIuBo;
2) Perymroroui mociayru
— OYMIIEHHS BOJIH;
— PperyjroBaHHS SIKOCTI TTOBITPS;
— 3aXHCT MPUOEPEIKHUX 30H;
— peryioBaHHS KJIiMary;
— pEeryJIOBaHHS MOTOJHUX YMOB;
— OKEaHCBHKE KUBJICHHS;
— 3a0e3MeyYeHHs KUTTEBOTO UKITY;
— 010J0T1YHUYN KOHTPOJI;
3) KynbrypHi mociyru:

— CHMBOJIIYHI Ta €CTETUYHI I[IHHOCTI;
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— peKpearist Ta TypU3M;
— KOTHITHBHI €(EeKTH.

OCHOBHUMH E€KOJIOTIYHUMHU TMpodsiemMaMu, 0 icHYIOTh Y YopHOoMy Mopi
IOPOTSATOM OCTaHHIX JECATHIITH € eBTpodikallis menbPoBux Boj (3a0pyAHEHHS
O10reHHUMH pEYOBHHAMU), 3a0pYyAHEHHS MOPCBKOTO CEPEIOBHINA TOKCUYHUMHU
pedyoBMHAMHU. 3arajoM HE3aJ0BUIbHUI EKOJOTIYHMN CTaH MOPIB 3YMOBJICHUU
3HaYHUM TIEPEBUIICHHAM OOCATY HAAXOKEHHS 3a0pyIHEHUX pPEUOBUH HaJ
ACUMUIALIIMHOIO CTIPOMOXHICTIO MOPCBHKHX €KOCHUCTEM, 10 MPU3BEJIO A0 3HAYHOTO
3a0pyIHEHHS. MOPCBKUX BOJI, OypXJIMBOTO PO3BUTKY €BTPOQIKALIMHUX MPOLECIB,
HMIMPOKOMACIITAOHUX SIBUIL TOKCII, OB CIPKOBOJHEBUX 30H, 3aMYJICHHS MICIb
ICHYBaHHS JIOHHUX O10I1I€HO31B, BTpaTU O10JOTIYHUX BHUJIB, CKOPOUYECHHS 0OCITY
PUOHMX pecypciB, 3HUKEHHS SIKOCTI peKpealiiHuX pecypciB, BAHUKHEHHSI 3arpO3H
310pOB’ 10 HACEJICHHS.

3MiHM KJIMaty y ocrtaHHl Jecatupiyugs B AYb npusBenmn 10 3MiH
riipoQi3MYHOr0 Ta TIAPOXIMIYHOTO CTaHy BOJ. 3a JaHUMH CHOCTEPEKEHb
YxkpHIIEM, Buxkonanux y paiioni marepukoBoro cxwmiy [I3UM, Bu3HawaroThCs
3HaYHI 3MIHM Yy BEpPTUKAJIbHIM CTPYKTypl BOJA 1, Hacammepen, pO3MOILTy
TEMIEPATypyu BOAM B MIIMOMHHUX MIapax, GOpMyBaHHS PEXUMY SKOi MOB’SI3aHO 3
3MMOBOIO KOHBEKIIIEIO BOJ.

B Mekax aHamizy BIUIMBY NMPUPOJHUX Ta aHTPOIOTeHHUX (PaKTOpIB HA CTaH
MOPCBKOI'O CEpEOBHUIlAa BU3HAYEHO, 110 MPOCTOPOBUH PO3MOALT €KOJIOTTYHOIO
cratycy B Mexax [I3UM e HeognopinuuM. Y diTHIN nepioq poky npotsrom 2016 —
2017 pp., xonu Oyna mpoBeneHa 0a3oBa OIlIHKA CTaHy €KOCHCTEM YOPHOTO MOpS,
3arajbHa OIlIHKA JIJIi KOKHOTO 3 KBa31OJHOPIMHUX palOHIB BIAMOBiJaga Kiacy
«JIy>K€ TIOraHO».

Jl7is BU3HAUEHHS BCIX MOKa3HHUKIB CTAHY MOPCHKOI €KOCUCTEMH BiANOBITHO
1o pekomenaariii Pooouoi rpynu €C 3 iHpopmariiiinoro 3ade3nedenus MSFD e
HEOOX1THUM  3ampoBagutd 20 OIAOPOrpaMH  CHOCTEPEXKEHb  JEP>KABHOTO

MOPCBKOT'O €KOJIOTTYHOTO MOHITOPUHTY BIANOBIAHO /10 11 meckpunTopis.
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JIJist BU3HAYEHHS! CTaHy €KOCUCTEM Ta iX BPa3jIMBOCTI K BIUIMBY MPUPOTHUX
Ta aHTPONOreHHUX (aAKTOPIiB B yCI CE30HM Oyja BUKOpHUCTAHA MaTeMaTH4YHA
Moaeib AQUATOX.

Takum 4yMHOM, 3MIHM B MOPCBHKHUX 0101I€HO3aX B1J1I0YBaIOTHCS IIiJl BIUIMBOM
SK TPUPOAHMX, TaK 1 AaHTPOMOTCHHUX (PAKTOPIB. 3MATHICTH O10JOTIYHUX CHCTEM
OPOTUCTOATH (pakTOpaMm, IIO BIUIMBA€ HAa HUX, HA3UBAIOTh «CTIUKICTIO» abo
«CTaOLTBHICTION.

VY BHU3HAYEHHI «CTIHKICTb» BUIUISIOTH KUIbKa TPYN BUMOT 10 O10JOTIYHHX
CHCTEM.

[lepmra: HE3MIHHICTB B Yaci HIJIOro reorpadiqHoro periony abo nanamadry.
Perion Moxe BKJIOYaTH B ce0€ BENMKY KUIBKICTH PI3HUX O10T€0LEHO031B, a
3arajlbHa €KOCHCTEMa pErioHy — CKJIaJaTUCS 3 PI3HUX EKOCHUCTEM, CiIadKo
NoB's13aHUX OAWH 3 OgHUM. OCHOBHHMH TpPOIECaMH, 1[0 BHU3HAYAIOTH IUHAMIKY
perioHy, OyayTh HE 3MIHM YHCEIBLHOCTI HACEIsAIOTh WMOro OKpPEMHUX BHJIB, a
rJ100aJIbH1 010r€0XIMIYH1 ITUKJIIH.

Hpyra: 30epexeHHs] 4ucia BUAIB Y JaHOMY O10JIOT1YHOMY CIIBTOBapHUCTBI.
bionoriyne CHiBTOBapHMCTBO MOKHA PO3TJISAATH SIK  OIIBII  BUCOKUN, HIXK
NOMYJSUIMHUIA, PIBEHb OpraHizaiii »HWBOi PEYOBMHU 1 BU3HAYUTHU SK JACAKY
CYKYTNHICTh MOMYJISLIN, 10 HACENAIOTh MEBHY TEPUTOPIIO 1 YTBOPIOIOTH NEBHY
CTPYKTYpy XapuoBux (Tpodiunux) 3B's3kiB 1 Merabomizmy. KoHmenis
010JI0T1YHOTO CHIBTOBApPUCTBA B1I0Opa)kae, 110 MOIMYJISLIi KUBUX OPraHi3MIB HE
pPO3KHAaHI BUMAJKOBUM YUHOM IO 3eMJI SIK HE3aJeKHI TPyNH, a yTBOPIOIOTH
opraHizoBaHi cucremu. CIiIbHOTa BBAXKAETHCA CTIMKUM, SKIIO YUCIO CKIIAJIOBHX
HOro BHUAIB HE 3MIHIOETHCA MPOTAroM TpuBajioro uacy. Came 1€ €KOJOriyHe
BU3HAYCHHS HANOIMKYE 10 Pi3HUX BU3HAYEHDb CTIMKOCTI.

Tpets rpyna BUMOT BIJHOCUTBCS O OKPEMUX MOMYJISALIN, HIK O CHIIBHOT.
BBaxkaeTbcsi, 110 CHIBTOBAapHUCTBO CTIHKO abo0 CTaOUIbHO, SIKIIO YHCEIbHOCTI
CKJIQJIOBUX MOTO TOMYJISIIA HE BIMUYBAIOTh PI3KHX KOJMBaHb. Y TEPMOJIMHAMIIII
CHUCTE€Ma BBAXKAETHCS CTAOIIBLHOIO, SIKIO Majl WMOBIPHOCTI BEMMKHUX (PIIyKTYyaIlii,

SIK1 MOXYTb BIJIBECTH 11 IaJIEKO BiJl PIBHOBAXXHOT'O CTaHy 1 HaBITh 3pyHHYBATH.
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3 iHmoro OOKy, iCHye pO3BHHEHAa MaTeMaTH4YHA TeOopis CTIMKOCTI, B SKii
BHU3HAYECHHS CTIMKOCTI JAETHCS A0COIOTHO CTPOro. AJle BCs CIpaBa B TOMY, IO 115
TEOpis TIpaIlloE HE 3 CAMUMH peaJbHUMHU O0'€KTaMH, a 3 iX MaTeMaTHYHUMU
MozeNaMH. ToMy , SIKIITO MM MaeEMO JIOCTaTHBO «XOpOIry» (y CEHCl aJeKBaTHOCTI
Ta TIOBHOTH OIKCY) MaTeMaTHYHy MOJeNb O10JOTiYHOrO CIiBTOBapuCTBa abo0
eKOCHCTEeMH (HANpUKIad, B TEpMiHaX AU(epeHIiaIbHIX a00 PI3HUIIEBUX PIBHSHB),
TO Ha TIMTAHHS MPO CTIMKICTh PealbHOrO CITIBTOBAPMCTBA MOXHA BIIMOBICTH,
JOCITIKYOYH HAIITy MOJIeTTh 3BUYaifHIMH METOJIaMU TEOPii CTIMKOCTI.

CTiMKICTIO 1 HECTIMKICTIO XapaKTepU3YIOThCsl HE TUIBKM CTaHy pIBHOBAru,
aine Oynb-ski (pa3oBi TpaekTopii. Y MaTeMaTH4HOI Teopli ICHY€ KiIbKa MOHSTH
CTIMKOCTI pyXy: CTIMKICTh 3a JIAMyHOBUM, aCUMIITOTUYHA CTIHKICTh , OpOiTanbHa
CTIHKICTB, CTIMKICTB TI0 Ilyaccony, CTIHKICTh TI0 Jlarpanxy.

VY nuHaminl BIAKPUTUX CHUCTEM BUAUISIIOTH TPU TUIM aTTPAKTOPOB: CTIMKUI
dbokyc (aTTpakTop-TOUKa), CTIMKUA TpaHUYHUN IUKJI 1 XaOTUUHHH, a0 cTpaHui
aTTPaKTop.

OnHO3HAYHUMH  XapaKTEPUCTUKAMHU XAOTUYHOCTI CHUTHAlNy € CHEKTp
noka3HukiB JlsmyHoBa. [lo3uTWBHHMII MakcuMaidbHUM TMOKa3HUK JlsmyHOBa €
MOKa3HUKOM XaOTHYHOI JUHAMIKH, HyJThOBUN MaKCHMaJIbHUM MOKa3HUK JIsmyHOBa
MO3HAYa€e TPAaHWYHUU UUKI a0 KBa3IMEeplOAUYHUX OpOITYy 1 HEraTUBHUUI
MaKCHMaJIbHUI TTOKa3HUK JISmyHOBa SBJIsI€E COOO0 HEPYXOMY TOUKY.

KomriuiekcHa OLiHKa BIUIMBY MPUPOAHUX Ta AHTPONOTE€HHUX (DAaKTOpiB Ha
CTIMKICTh NpHOEpPEKHUX eKocucTeM YopHOro Mops IIpOBEJACHA METOJIOM
MaTEeMaTUYHOTO MOJICIIOBaHHSA. MOJETIOBaHHS €KOCUCTEMH NPHUOEPEeKHUX BOJ
YopHOro Mopsi MpoOBEACHO B JlarHOCTHUHOMY pexumi. [lpu npomy, daxkropu
BIUTMBY HAa CTaH €KOCHUCTEMH BH3Hadayiucs mpoTsiroM mepiogy 2008 — 2018 pp.
moneAu YkpHIIEM B Onechkiii 3aTorn (M. Manuit @oHTaH).

JJist KUTBKICHOT OI[IHKY BIUIMBY IPUPOIHUX Ta aHTPOIOTC€HHUX (PAKTOPiB Ha
CTaH EKOCHCTEM MOPCHKOTO IIeNb(y BHUKOPUCTAHO MOKA3HHUK EKOCHCTEMHOTO

PHUBHKY, SKUH MOKe OyTH BUPKEHUM (PYHKIIIE€I0 B3a€EMO3B’S13KY (PaKTOPIB BILIUBY
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3 mapamMeTpaMu CTaHy €KOCHUCTEMH Yy  €BKIIJJOBOMY IMPOCTOpPl, AKUU
BUKOPHUCTOBYETHCS B pOOOTI.

VY sakocTi npupoAHHX (PAKTOPIB BIUIMBY Ha CTaH MOPCHKOI €KOCHCTEMHU
PO3MIISIHYTO TEMIEpaTypy Ta COJIOHICTb MOPCHKOI BOJIM, AHTPOIMOTCHHHX —
OiorenHi pedoBuHu Ta pH.

Y SKOCTI MOKa3HHMKIB CTaHy EKOCHCTEMU BHKOPUCTAEMO O€3pO3MipHY
BEJIMYMHY: BIAXUIICHHS XapaKTePUCTUKHU (P/T), pO3paxoBaHOT OKPEMO JIJisi KOKHOTO
dakTopy BIUIMBY, BiJ] pO3paxyHKy «HOpPMay, HOPMOBaHy Ha aMIUTITYAy KOJHMBaHb
XapakTepucTuku (p/r), a TaKOX aHAJIOTIYHY BEJIIMYMHY 3arajbHOi OiomMacu puou
puowH.

B mionmHl po3noAily €KOCHUCTEMHOTO PHU3UKY MO (akTopaMm CTaHy Ta
BIUIMBY JO 30HM KPUTHUYHOIO PHU3UKY NOTpalMWid TOYKH, $IKI BIIANOBIIAIOTH
3MMOBO-BECHSIHOMY MEPIOY POKY.

B po0oTi Oynu BUSBIIEHI MOKA3HUKH CTIMKOCTI €KOJIOTIYHOI CHUCTEMHU 32
JTECATHIITHIN TIepio.

AHaJi3 AWHAMIKA €KOCHUCTEMHOIO0 pHU3UKY B JIMHAMIYHOMY (pa30BOMY
MPOCTOPI TIOKA3YeE, MO0 €KOCUCTEMA IIICTs 30BHINIHHOTO BIUIUBY IIparHe 30epertu
MOYaTKOB1 3HAYCHHS. [HIIMMU cj0BaMH, 3MiHA O10TMYHOI CTPYKTYPU €KOCHUCTEMU
Ta 1HTEHCUBHOCTI 3MIHM IOKAa3HUKIB CTaHy €KOCHCTEMHU Yy BIAMNOBIAb Ha 3MIHY
YMOB HaBKOJIMIIHBOTO CEPEJOBHINA CIPSAMOBaHI Ha 30€pekKEeHHsI ONTHMAaJIbHOIO
Oamancy B iCHyrouux yMmoBax. HailOinpini 3Ha4YeHHS JMHAMIKH — 3MiH
€KOCHUCTEMHOTO PU3UKY BIIMIOBIAI0OTh TOMY KCAMOMY 3MMHO-BECHSIHOMY TIEPIOTY.

OrmiHka MakCUMaJbHOTO TMOKa3HHMKa JlsmyHoBa A, SKHUH XapakTepusye
HMIBUIKICTh PO30IraHHsl OJIM3bKUX TPAEKTOPIM JUHAMIKK Yy (ha30BOMY MPOCTOPI,
JI03BOJIMJIA  3pOOMTH BHUCHOBKH TIOJ0 CTIKOCTI E€KOCHCTEMH TIPU BILIUBI
BHU3HAYEHUX (DAKTOPIB.

Ockinpku nokasuuk Jlsmyroa A 3minioetses Bixg (-0.04) mo (-0.001), To6TO
€ MEHIIMM 32 HYJIbOBE 3HAUEHHS, 1I€ 3HAYWTh, LI0 TaKa CUCTEMa HE MpPOSBIIsE

03HAK HECTIHUKOCTI.
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Jlns OuTblll TIOBHOTO aHaji3y NOTPIOHI JaHHI HAIlOHAJIBHOI CHUCTEMHU
€KOJIOTTYHOT'O MOHITOPHUHTY, sika O JJ03BOJIMJIA MIOBHICTIO KOHTPOJIIOBATH BC1 3MIHH

B €KOCHCTEMI, IK pe3yJIbTaT /il MPUPOAHHUX Ta AaHTPOIIOTEHHUX (PaKTOPiB.



84

[TEPEJIIK ITOCUJIAHDb

. Maes J. at al. An indicator framework for assessing ecosystem services in
support of the EU Biodiversity Strategy to 2020/ Ecosystem Services 17 (2016).
P. 14-23. [EnexTponHmii pecypc]. — Pexum JOCTYTLY:
http://creativecommons.org/licenses/by/4.0. — 10.09.2018. — Ha3Ba 3 ekpany

. De Groot R.S. Challenges in integrating the concept of ecosystem services and
values in landscape planning, management and decision making / R.S. De Groot
[at al.] // Ecol. Complex.— 2010. — Vol. 7. — P. 260-272

. Liquete C. Current Status and Future Prospects for the Assessment of Marine
and Coastal Ecosystem Services: A Systematic Review / C. Liquete [at al.] //
Review of Marine and Coastal Ecosystem Services. — July 2013. — Vol. 8, Is. 7.
—15p.

. Nature’s Services: Societal Dependence On NaturalEcosystems / ed. G.C. Daily
— Washington: Island Press, 1997.

. Costanza R. The value of the world’s ecosystem services and natural capital / R.
Costanza [at al.] //Nature. —1997. — Vol.387. — P. 253-260

. Go'mez-Baggethun E. The history of ecosystem services in economic theory
and practice: From early notions to markets and payment schemes / E. Go 'mez-
Baggethun [at al.] // Ecological Economics. — 2010. — Vol. 69. — P. 1209-1218
.Costanza R. The authorship structure of “ecosystemservices” as a
transdisciplinary field of scholarship / R. Costanza // Ecosystem Services. —
2012. - Vol. 1. - P. 16-25

. Costanza R. The ecological, economic, and social importance of theoceans /
R. Costanza // Ecological Economics. — 1999. — Vol. 31. — P. 19-21.

. Markandya A. (2008) The economics of ecosystems and biodiversity—Phase 1
(scoping) / A. Markandya [et al.] // Economic analysis and synthesis. — Venice.
10. Beaudoin Y. Why value the oceans? A discussionpaper. / Y. Beaudoin
L. Pendleton // UNEP/GRID-Arendal,the Nicholas Institute for Environmental


http://refhub.elsevier.com/S2212-0416(15)30050-4/sbref8
http://refhub.elsevier.com/S2212-0416(15)30050-4/sbref8
http://refhub.elsevier.com/S2212-0416(15)30050-4/sbref8
http://refhub.elsevier.com/S2212-0416(15)30050-4/sbref8
http://refhub.elsevier.com/S2212-0416(15)30050-4/sbref8
http://refhub.elsevier.com/S2212-0416(15)30050-4/sbref8
http://refhub.elsevier.com/S2212-0416(15)30050-4/sbref8

85
Policy Solutions, The Economics of Ecosystems and Biodiversity and the UNEP
Regional Seas Programme. — 2012.

11. Barbier E.B. Progress and challenges in valuing coastal and marine
ecosystem services / E.B. Barbier // Review of Environmental Economics and
Policy. — 2012. — Vol. 6. — P. 1-19

12.  Alcamo J. Changes in nature’s balance sheet: Model-based estimates of
future worldwide ecosystem services / J. Alcamo [et al.]// Ecology and Society.
—2005. — Vol. 10.

13.  Hussain S.A. Valuing mangrove benefits: Contribution of mangrove forests
to local livelihoods in Bhitarkanika Conservation Area, East Coast of India. /
S.A. Hussain, R. Badola // Wetlands Ecology and Management. — 2010. —
Vol. 18. — P. 321-331

14. Fletcher S. A review of the ecosystem services provided by broad-scale
marine habitats in England * s MPA network. / S. Fletcher, J. Saunders, R.J.H.
Herbert // Journal of Coastal Research. — 2011. — P. 378-383.

15.  Millennium Ecosystem Assessment. Ecosystems and Human Well-being:
Synthesis. — Washington DC: Island Press, 2005.

16. Kumar P. The Economics of Ecosystems and Biodiversity: ecological and
economic foundation / P. Kumar. — London and Washington: Earthscan, 2010.
17. Haines-Young R., Potschin M. Common International Classification of
Ecosystem Services (CICES) // Report to the European Environmental Agency.

— Nottingham, 2011

18. Beaumont N.J. Identification, definition and quantification of goods and
services provided by marine biodiversity: implications for the ecosystem
approach / N.J. Beaumont [et al.] // Marine pollution bulletin. — 2007. — Vol. 54.
—P. 253-265

19. De Groot R.S. Challenges in integrating the concept of ecosystem services
and values in landscape planning, management and decision making / R.S. de
Groot [et al.] // Ecological Complexity. — 2010. — Vol. 7. — P. 260-272.



86

20. Haines-Young R.H. The links between biodiversity, ecosystem services and
human well-being / R.H. Haines-Young, M.P.Potschin / In: Ecosystem Ecology:
A New Synthesis / ed. D.G. Raffaelli, C.L.G. Frid. — Cambridge: BES
Ecological Reviews Series, Cambridge University Press, 2010. — P. 110-139

21. Maes J. Mapping and Assessment of Ecosystems and their Services. An
analytical framework for ecosystem assessments under action 5 of the EU
biodiversity strategy to 2020 / J. Maes [et al.]. —Luxembourg: Publications office
of the European Union, 2013.

22. TigponoriyHi Ta TiAPOXIMIYHI TIOKa3HUKM CTaHY IIBHIYHO-3aX1JHOTO
menabdy Yopuoro mops: moBiakoBuid nociouuk [Tekct] / I.I. Opmora, M.IO.
[TaBnenko, B.B. Ykpaincbkuii ta iH.; Bignosia. pea. [.JI. Jloea. — K.: KHT. —
2008. - 616 c.

23. MopenoBaHHs BIUIMBY KIIMAaTUYHUX 3MiH Ha ekocuctemy I[liBmeHHOTO
OKEaHy SIK OCHOBa [Ji1 CTalloTO HEBHCHAXJIMBOIO KOPUCTYBAHHS KUBHX
pecypciB Aurtapktuku [Texkcr] : 3Bit mpo HIP : YkpHIIEM ; Hayk. kep.
Komopin B. M. — Oneca, 2017. — 124 c. — Ne nepxpeectpartii 0117U007162.

24. 3aines O.I1. Dxonoruueckoe coctosiHUE MIeab(HOBON 30HE UepHOTO MOps
y nobepexbss Ykpaunsl / FO.I1. 3aiiueB // I'mapoOuonorndyeckuii >xypHai. —
1992. — 1. 28, Ne 4. — C. 3-18.

25. MWspasms HO.A. AmnTponoreHHas oskosioruss okeana / 1O.A. Uspasnsb,
A.B. lpi6ans. — JI.: 'mapomereonsaat, 1989. — 528 c.

26. Tomvmamma J[.M. IIpoGiaeMbl ITWHAMUKH BOJI CEBEpO-3aMaJHOM YacTh
Uepnoro mops / JI.M. Tonmanun, B.A. [lInaitaman, )K.M. Aunxosckas. — Kues:
Hayk. nymka, 1969. — 129 c.

27. bnaroB A.C. M3MeHYHMBOCTH THApoOJorudeckux moieii Yepnoro mops /
A.C. bnaros, H.I1. Byarakos, [u ap.]. — JI.: ['uapomernsnaar, 1984. — 239 c.

28. bnaroB A.C. HcciegoBaHue UMPKYJAIMU BOJ CEBEpO-3alaJHOM YacTu
UepHOro MOpsi U €€ CBSI3b C aHTPOIIOTCHHBIM BO3JCHCTBMEM HAa PEYHOM CTOK /
A.C. bnatos, M.A. Pacynos, N.1. Yeuens // Boaubie pecypebl. — 1983. — Ne 4, —
C. 30-37



87

29. Iamupo H.b. YwucieHHsle MoOAEIH KPYNMHOMACHIAOHOW IUPKYISAIUA B
Uepnom Mope u auHamuku Boj Ha menbde / H.b. Ilamupo // Jlmaraos
COCTOSIHUSI MOPCKOHM cpenbl A3oBo-UepHOMOpPCKOTO OacceiiHa: MaTepHaibl
MeXIyHapoaHou koHbepenuun. — CeBacromnons, 1994, — C. 110-120

30. [Homenxko C.A. Coeuuduueckue  UYepThl  THAPOJIOTUYECKOTO |
TUAPOXHUMHUYECKOTO PEKUMOB U YPOBEHB 3arpsi3HEHUS MPUOPEKHOU 30HBI MOPS
B paiione Oneccel / C.A. Jlounenko u ap // UccnenoBanue 1menbhoBOH 30HBI
A3zoBo-UYepHoMopckoro GaccHitHaA: COOpHUK Hayd. TpyAoB / moxa pea. Epemeera
B.H. — CeBactomnons, 1995. — C.31-43

31. Oprosa LI'. TI'igposioriyHi Ta TiIPOXIMIYHI MOKA3HUKUA CTaHy MIBHIYHO-
3axigHoro menbdy YopHoro mops: posinnuk / L.I. Opnosa, M.IO. IlaBnenko
[Ta in.]. — Oneca: YxkpHIIEM, 2005. — 616 c.

32. Tyuxosenko 0.C. Ouenka sBrpodukanmu Boa OIecCKOro peruoHa ceBepo-
3anagHoil yactu Yepuoro mops / FO.C. Tyukoenko, O.}O. Canko // BicHuk
Opechkoro naepxaBHOTO ekoJioriuHoro yHiBepcutery. — 2006. — Bum. 2. —
C. 224-227

33. Hamenko [O.C. DOstpodupoBanue BoOAOXpaHWIMIL. [ HIposoTHYECKHE
acriexTsl / FO. C. Jlantenko. — M.: 'EOC, 2007. — 252 c.

34. HccnenoBanue skocucteMbl UepHoro mops / nmox pen. B.M. Memnunima. —
Opnecca: «Upen-Ilomurpad», 1994. — 159 c.

35. BunorpamgoB M.E. Dkocucrema Yepnoro mops / M.E. Bunorpamos, B.B.
Canoxnukos, J.A. lllymkuna. — M. : Hayka, 1992. — 112 c.

36. Pomanenko B.JI. OcHoOBBI ruaposkonoruu: ydeOHuUK mis By3oB / B.JI.
Pomanenko. — K.: I'ene3a, 2004. — 664 c.

37. Vollenveider R.A. Eutrophication of waters: monitoring assessment and
control / R.A. Vollenveider, J.J. Kerekes. — Paris : Environment Directorate,
OECD, 1982. — 154 p.

38. OrmiHka BIUIMBY KJIIMAaTUYHUX Ta AHTPOMOTEHHUX (HaKTOPIB Ha MPOIECH
eBTpodikallii BoJ MBHIYHO-3aX11HOTO 1eiabdy YopHoro Mops : 3BiT npo HJIP :

YxkpHLEM : kepiBu. B.M. Komopin; Bukonas.: I'.O. €podeeB Ta iH. — Opeca,



88
2012. - 123 ¢.— Ne ZIP 01130007186

39. IpammoBa M.A. K Bompocy o 1mBerenuu Nodularia spumigena B
npuOpeXHBIX BoAax ofecckoro peruona / M.A. I'pannosa, C.I1. KoBanumuna,
B.B. Vkpaunckuii, H.C. Kanommuna // Exonoriuni npo6iemu YopHoro mops: 30.
maTtepianiB koHpepenuii. — Oneca, 2010. — C. 317-320

40. Jloea W.Jl. CoBpeMEHHOE HKOJOTHYECKOE COCTOSHHE CEBEpO-3aragHon
yactu Yepnoro mopss / W.J. Jloera, B.B. VYxkpaunckuii, U.I'. Opnosa,
C.I1. KoBanummuna // Dkonorudeckasi 6€30MacHOCTb MPUOPEKHON U 11eTb(HOBOIA
30H U KOMIUIEKCHOE MCIOJIb30BaHUE pecypcoB enbda : cO. HaydH. Tp. / HAH
VYkpauns, M'U, UT'H, O® HNuBIOM. — CeBacronons, 2013. — Bpimn. 27. —
C. 237-242

41. Penerun JI.H. Pexxum BeTpa ceBepo-3anajHoi yactu YepHOro mMops U €ro
mMmarndeckue wsMmenennss [/ JILH. Pemermn, B.H. BemoxomnsitoB //
Dkosioruyeckas 0€30MaCHOCTb MPUOPEKHON U 1IeTb(POBOM 30H U KOMILJIEKCHOE
HCIIOJIb30BaHUE pecypcoB Imenbda : ¢6. HaydH. Tp. — CeBacrtomoisp, 2009. —
Beim. 17. — C. 225-243

42. KoMmruiekcHe yIpaBIiHHS «TapsdyuMU» TOUKAMU 1 30€pEKEHHS €KOCUCTEMU
Yopuoro mopsi — HOT BLACK SEA : 3Bit npo HAP (3akmounwmii) / OJJEKY;
kep. B. Komopin. — Ogeca, 2014. — 229 c. — Ne nepxpeectpartii 0114U001752.

43. DIKE_9-2014-03. Reporting package for MSFD Article 11 on monitoring
programme. 0930-1800: 26 February 2014

44. Kactu JIx. Bombmime crucrembl. CBSI3HOCTB, CIOXKHOCTh M KaTacTpodsl /
JIx. Kacturo. — M.: Mup, 1982. — 216 c.

45. CaupexeB .M. Bo3moxubie nyTu 0000mIeHHS (PyHIAMEHTAIbHON
TeopeMbl ecTecTBeHHOro oTOopa P. dumepa / FO.M. Ceupexer // Kypuan
obmei ouonoruu. — 1974, — T. 35, Ne 4. — C. 590-601

46. Opaym FO. OcnHoBsl 3konoruu / 0. Ogym. — M.: Mup, 1975. — 331 c.

47. Lotka A. J. Elements of mathematical biology / A.J. Lotka. — N.-Y.: Dower,
1956.

48. Kanyruna-I'ytHuk A.A. [lonroBpemeHHas AMHAMHMKa BUJOBOTO COCTaBa U



89
CTPYKTYpbl JOHHBIX (HUTOICHO30B (mmiodpoproro mois 3epHoBa / A.A.
Kanyruna-I'yrauk, U.K. EBcturneesa // Okon. mops. — 1993. — Bein. 43. —
C. 90-97

49. Margalef R. Perspectives in Ecological Theory / R. Margalef — Chicago:
Univ. Chicago Press, 1968.

50. Pwusnunuenko I'.10. Jlekiuu mo maTeMaTH4eCKUM MoJeisiM B Onosorun. Y. 1.
/ T.1O. Pusnnuenko. — Mxerck: HULL «PerynspHas u xaoTudeckas THHaAMHKA,
2003. - 232 c.

51. Huxonuc I'., [To3nanue cinoxuoro / I'. Hukonuce U. Mpuroxun. — M.: JIKU,
2008. — 352 c.

52. Py6un A.b. buo¢pusuka xu.1./ A.b. Pyoun — M.: Beicmas mkomna, 1987. —
319 c.

53. bexman W. H. Hndopmaruka. Kypc nexuwmit. — Mocksa-Pum, 20009.
Jlexmms 22. Uadopmarus u xaoc [Enexkrponnuii pecypc]. — Pexxum nmocryma:
http://profbecman.narod.ru/InformLekc.htm. — 12.10.2018. — Ha3Ba 3 expany

54. Kussesa E.H., 3akoHBI 3BOJIONUN ¥ CAMOOPTaHU3AINK CIIOKHBIX CHCTEM /
E.H. Kuszesa, C.II. Kyparomos. — M.:Hayka,1994. — 240 c.

55. KmumonroBuu FO.JI. BBemenue B  (QU3MKY OTKPBITBIX cucTeM /[
FO.JI. KnumonToBuy // CopocoBckuii 00pa3oBatenbHbIi xKypHaIL. — 1996. — No 8.
—C. 109-116

56. Omxym FO. OcuoBel akonorun / 0. Ogym. — M.: Mup, 1975. — 740 c.

57. PasymoBckuit O.C. 3aKOHOMEPHOCTH ONTHMHU3AIMU B HayKe M MPaKTHKE /
O.C. PazymoBckuii. — HoBocubupck: Hayka, 1990. — 176 c.

58. HukynbueB E.B. Bpiuncinenue xapakTepUCTUK JAMHAMHYECKOTO Xaoca IO
tpaduky kommbioTepHbIX cereit / E.B. Hukynpues, C.B. [asun, J{.A. ITutukos,
E.B. Ilnyxuuk // ®dyHaameHtanbHble ucciaeaoBanus. — 2014. — Ne 84, —
C. 812-816.

59. TISEAN 3.0.1 Nonlinear Time Series Analysis [Enektponnuii pecypc]. —
Pexxum  moctymy:  http://www.mpipks-dresden.mpg.de/~tisean/Tisean_3.0.1

/index.html. — 12.11.18. — Ha3Ba 3 ekpaHa



90

60. AunekceeB B.B. ®usnueckoe 1 MaTeMaTH4e€CKOE MOJIEIUPOBAHNE HKOCHUCTEM.
/ B.B. Anekcees, M.U. Kpeies, T.I'. Caspikuna. — CII0 : ['mapomereousmar,
1992. - 367 c.

61. AOpocoB H.C. Dxonormyeckue (HhakToppl U MEXaHU3MbI (HOPMHUPOBAHUS
BUJIOBOTO pa3HOOOpa3usi KOCHUCTEM U MpoOieMa COBMECTUMOCTH BHUIOB /
H.C. A6pocos // Dxonorust B Poccun Ha pybexe XXI B. — M. : Hayunsiit mup,
1999. — C. 54-69

62. JlaBpuk B.l. MogentoBaHHs 1 TPOrHO3YBaHHS CTaHy JOBKULIS: MiAPYYHUK /
B. 1. JlaBpuk, B. M. boromnto6os, JI. M. [loneraeBa, C. M. IOpacos, B. I'. Insina
; mia. pen. B. 1. Jlaspuk — K.: BllAkanewmis, 2010. — 400 c.

63. RAMAS Ecosystem: Ecological risk assessment for food chains and

64. Po3poOka cieHapiiB TOJIMIIEHHS SKOCTI TpubepexkHux Boja Onecbkoi
3aTOKM Ha 0a3l MareMaTuyHoro mojemntoBaHHs : 3BIT npo HJIP / YkpHIIEM;
kepiBH. B.M. Komopin; Bukonas.: I'.O. €podees [Ta iH.]. — Ogeca, 2015. — 97 c.

65. Park R.A. AQUATOX for Windows: A Modular Fate and Effects Model for
Aquatic Ecosystems: Perfluoroalkylated Surfactant and Estuarine Versions:
Technical Documentation / R.A. Park, J.S. Clough. — Addendum to Release 2. —
Washington, DC: U.S. Environmental Protection Agency, 2003.



JOHAATOK 1 - HACOBA TMHAMIKA TIOKA3HUKIB CTAHY
MOPCBKOI EKOCUCTEMMU 3A PE3VJIIbTATAMU MATEMATHUYHOI'O
MOJEJIIOBAHHA

91



Run on 02-2-19 22:01

NEBS (Control)

A

\lﬁ

f i

B

\

.z
U

o N o ©
o [ee) o '
™ :

Baaan, W

92

Puc. JI1 — YacoBa nuHamika TemmnepaTypu MOpcbkoi Boau, °C
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