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BCTYII

VYcBigomieHHsT TAMOOKOi KpH3M BIJHOCHH JIFOJACTBA 13 JAOBKUUISIM MPUHIIIO
HanpukiHii 60-ux pokiB XX cromitTs. [lepmmmu XTO AOCHUTH TOJOCHO 3asiBUJIM MPO L€
Oymu wieHn «PuMcbkoro kiyOy». BOHM TOCTaBWIM Ay)Ke BaXKJIMBI IMHUTAHHS, IO
CTOCYBAJIMCS CIIBBIJHOIICHHS MK PO3BUTKOM LMBLII3AIlli Ta HEOE3[EYHUMU 3MIHAMU B
HABKOJIUIITHLOMY CEPEIOBHIIII, III0 HOTO CYMPOBOKYIOTh. BUHHKIIA HE3arepevHa iaes, o
BI/IMOB1Ib MOXXHA OTPUMATH 3a JOIMOMOI'OI0 MPOTHO3Y MOOYJ0BAHOTO HA OCHOB1 MOJENI,
sKa BKJIIOYa€ B ce0€ BaXXJIMBI KOMIIOHEHTH CHUCTEMH BIJHOCHH MDK JIFOAMHOIO Ta Ii
JTOBKULISIM. YMCIIEHHI cipoOM CTBOPUTU TaKWi MPOTHO3 3a3HABAJIM HEBJAay ajieé €KOJIOTH
AQHAITHKW HE 3/1aBaJIUCs, ajpke 1 OyB €IWHUN NUIAX O BY)KMBAHHS SK JIFOJCTBA TaK i
BHCOKOOPTaHI30BaHOTO XKHUTTS B IbOMY CeKTOpi [ amakTuKy.

Ha cporojiHi, 3aBIIKM PO3BUTKY OOYHCITIOBAJILHOT TEXHIKHM Ta BEJIMYE3HOMY 00CATY
HAKONTMYCHUX JaHUX MM MAaeMO Habarato Kpaili MOXJIMBOCTI JUIsl TIPOTHO3YBAaHHS 3MiH
noBKULIA. Taki MoJeni 1 MPOHO3M PETYISIPHO 3aCTOCOBYIOTHCS M1 Yac MPUUHSATTS pillleHb
BiJl TJ00aJBHOTO /O JIOKANbHOTO piBHA. Hampwkiian, Takwii MporHO3 € OCHOBOIO IS
MDKHApPOJHUX PIIIEHB MO0 3anmo0iraHHI0 HACIKIB TI00anbHUX 3MiH KiimaTry. OJHaK,
HabaraTo dYacTillle MOJICITIOBaHHS Ta IMPOTHO3YBAHHS 3aCTOCOBYETHCS Ha JIOKAILHOMY
piBHI. DaxiBelb €KOJIOT MOCTIHHO BUKOPUCTOBYE HOT0 B CBOIM MPaKTHIII IMiJl 4ac aHAII3y
HACNIJIKIB OXOPOHHM YW eKCIUTyaTalii KOHKPETHUX eKocucTeM. Hampukian mpu
oOTpyHTYBaHHI 00’ €KTIB IPUPOIHO-3AMOBITHOTO GOHAY YU TpH Po3poOIii OIIHKK BIIUBY
Ha goBkULIs (OB/I)

OcBiTHA KOMMOHEHTa «MOJENIOBaHHS Ta TPOTHO3YBAHHS CTaHy JOBKULIS»
3aBEpIIy€E KypC MiATOTOBKH (DaxiBIll 3 €KOJOTTYHOT aHATITUKU MepiIoro (0akaaaBpChKOTo)
piBHs BUIIOI OCBITH. BiH nae HeoOXigHI 3HAHHS Ta KOMIIETEHTHOCT1 i MalOyTHBOI
npodeciiHol TisTTbHOCTI 3700yBaviB.

VY mpornoHOBaHUI KOHCIIEKT YBIAIUIM 12 JIEKIIiH, B SKUX Y BUTJISAII T€3, BUKIAICHO
OCHOBHI TIOJIOKEHHSI CYYaCHOTO €KOJIOTIYHOIO MOJCNIOBAaHHS Ta MPOTHO3YBAHHS
HeOOXiJIH1 B IIPaKTHIIl ekoJiora aHamiThuka. OCHOBHA yBara 30cepe/PKeHa Ha MOJICJIIOBaHH1
Ta MIPOTHO3YBaHH1 3MiH B MPUPOJHUX EKOCHCTEMAaX.



Jlexuist Ne 1

Tema: Berym.
Merta: Po3kputu 0cOOIMBOCTI JUCIUILTIHA MOJICIIIOBAHHS Ta IPOTHO3YBAaHHS CTaHY JOBKULISA .
[Ipodeciiina copsimoBanicTh. Matepian Jiekmii 3HaHOMHTH MaMOyTHIX CIIEHIaTiCTIB E€KOJIOTIB i3
0COOJIMBOCTSIMH TUCHMILUTIHU MOJICTTIOBAaHHS Ta POTHO3YBAHHS CTaHY JTOBKLILIIS.
IInan

1. TlepeaymMoBHM BUHMKHEHHS aHATITHYHOT €KOJIOT1i

2. Ictopis 3apo/pKEeHHS 1 pO3BUTKY MOJICITIOBAHHS €KOCUCTEM.

3. OO0’exT i mpenMeT MOJETIOBAHHS Ta IMPOTHO3YBAHHS CTaHY JTOBKILIS.

Teker

1. [lepexymoBH BUHMKHEHHSI AHAJTITUYHOI €KOJIOTii

[Tepmi nroAChKI MOMyINALil (COMIOEKOCUCTEMH JIFO/ICH) CY4acHOTO THIMY 3’ ABWIHCS TpuoauszHo 0,2
MJH. pokiB ToMmy. Jltonuna (Homo sapiens sapiens) mouasna MIBUIKO PO3CEISATHCS MOBEPXHEIO IUIAHETH.
[le mpuBeno i 10 KOHQPIIKTY MDK ICHYIOUMMH COIIATbHUMHU 1 KJIACHYHUMH O10JIOTTYHUMHU aJONTaIlISIMHI
Ta YMOBaMHU CEPEJOBHIIA B SKHX BOHA ONMMHMWIACS. B pe3ynbTaTi bOTO YHCICHHI TPYNU 3HUKAIN aje
3aB/ASKM BHUCOKIN 1H(opMaliliHiii He3alexHOCTI 0arato 13 HUX BW)KHBAJIM YTBOPIOIOYM HOBI CHUCTEMH
€KOoCOIliyMiB. 3MIHM B YMOBaX CEpEIOBHINA Ta PI3HOMAHITHI MIAXOAM peamizamii crnoco0iB
MIPUCTOCYBAHHS IO HUX MPUBEIM O YTBOPEHHS BEJIMKOI PI3HOMAHITHOCTI COIIIOEKOCUCTEM. ACHUMUISIIISL
Ta KyJAbTypHa I130JIAIi1 a TaKOXX pEaKIlii Ha €HJ0- W EK30Te€HHI 3MIHW JOBKUUIS CHPUYHHIIIH
€BOJTIOIIIHAIN TIPOIIEC, PE3yIBTATOM SIKOTO CTajla ChOTOTHIIITHS €KOCOIlialbHa CTPYKTYpA.

B craponaBHio kam'ssHa 100y 200 mManeo T OKpeMi poJ0B1 IPYIH JIFOIEH 3aiiMaTiCsl MUCITUBCTBOM 1
30upanpHUIITBOM. lle HalimaBHINMKA Ta HAWAOBIIMK TEpiod B icTopii moacTBa. Ha3za moxoawTth Bin
rpenbpKux ciiB palaios — crapogaBHiii Ta lithos — kaminb. B 11e#t yac BimOyBaeThCsl MOsiIBa KPEMHIEBUX
3HApAIb Mpalll, sIK1 OCTYIOBO YCKJIAHIOIOThCA. L{e mpuBOIUTH 10 3pOCTaHHs MOTEHIIANy JIOJUHH 111010
BUKOPHUCTAHHS TMPUPOJHUX PecypciB. BUHUKAae MOXIHMBICTH OTPUMYBATH OUTbINNE 3700WYl 3aXUIIATUCS
BiJI X/JKaKiB 1 BOpOTiB. TakuM YMHOM YHCENBHICTH 1 apealt Jiroau 3pocTtae. bopotrba 3a pecypeu 1 mpoTu
KOHKYPEHTIB CIIPUYWHSE TPUTHIYCHUN CTaH JISIKUX BUIIB 1 MOXKIJIMBO HABITh 1XHE 3HUKHEHHS. Jlanmmadt
11e He 3a3HaB MOMITHUX aHTPOTIOTEHHUX TpaHCopMalliid aje Horo piBHOBAra MmoxXUTHYJIAC.

B 100y pannporo naneodmiry (2,4 mutH. — 600000 10 H. €.) cydacHa JitoAMHA HE BigMmivanacs. B i
rpyni nmanytotb Homo habilis i (Homo erectus). Anme sk TUIbKM Ha apeHy €BOJIOLIHHOI O0pOTHOM
3’aBnsieTbcst Homo sapiens iHINI TPEACTAaBHUKH POAY BHTICHSIOTH, BHHHINYIOTHCSA a00 BUMYIIEHI
MEPEMICTUTHUCS B MicIsl O1TH1 Ha pecypcH.

30Ha po3ceneHHsl JIOAUHU B TOW 4Yac 1€ Maibke BCS BUIbHA B JIbOJIOBHUKA TepUTOpPisS €BPOIH.
ComianpHi 00’ €qHAHHS, HA TYMKY CYYacHHX aHTPOIIOJIOTIB: HECTIMKE MEPBICHE CTa0, AKE 3AeOUThIIOTO
(dbopmMyBasiocs 3 METOIO TIOJIIOBAHHS, JJIsl 3aXKCTY BiJl BOPOTIB, TBAPHUH, CTUXIH. AJle 11 TBEP/HDKEHHS MOXKE
OyTH BCHOTO JIMIIIE CITPOOOI0 HAYKOBIIIB MIITHATH ICTOPIIO JIFOJAWHU il MOCTAEKAPTOBCI TeOpii mporpecy.
AJpKe HaBiTh OUTBII IPUMITUBHO OPraHi3oBaHi IPYNH Cy4aCHUX NMPUMATIB YK€ MAlOTh YITKY i€papxiio Ta
BITHOCHO MOCTIHHY CTPYKTYpY 1 ckiia]l moOyIoBaHy Ha IOPOJCTBI OCOOHH.

[lifi emoci MPUIUCYIOTH Takl 3HAPSAAS Tpalli: HAWMPUMITUBHINII KaM'sHi, JEpeB'sHi, KICTSHI
iHCTpyMeHTU. Ekocoriymu MMOBIipHIiIIE BeAyTh KOUOBUM CIOCIO JKUTTA Tak SK 3HAXOASITHCS B
HEBPIBHOBR)XEHOMY CTaH1 13 JOBKULIAM (BUCH@XYIOTh HEOOXIAHI pecypcHw) 1 NpH HHU3BKIH T'ycTOTI
HAaceJIeHHSd HE MaloTh CTUMYIY JUIsl BJOCKOHajeHHs. HalijaBHimmi Biomi CTOSHKM B YKpaiHi Le cC.
Koponese, 3akapnarts, M. AMBpociiBka Ha Jlon0Oaci, ¢ Jlyka-BpyOmniBenpka Ha JKutomMupInHi, BCbOro
noHaj 30 CTOSIHOK.

ITouaTok moBHoro nanyBanHsd Homo sapiens npumnagae Ha cepeaniit naneosit 600.000 — 35.000
70 H. €. BiH Xapakrepu3yeTbcs BIAHOCHO TEIUIUM IHTEPIIIALIAIbHUM KIIMAaTOM MDKJIBOJIOBUKOBOI €MTOXH
(Pucc-Bropm). Lle nepion manyBaHHS Terioi i cyxoi HMOBITpsIHOT Macu, KoJiu B €Bporii 1me 30epiranacs
cyOTpomnivyHa ¢ayHa: 1aBHIH CIOH, TimonoTam, Hocopir Mipka. Ha Tepurtopii cydacHHX Anbl nepeBakaiu
XBOWHI 1 JTMCTSHI JlicH, a KJIiMaT OyB TEIUTIlIe Cy4acHOTO: CEpeHs TeMIeparypa 3uMu - He Hipkde 0°. YV
MOTIEpEIHIO JIbOJOBUKOBY €MOXY TeMIepaTypa ciuHs Bnana jo -10-15°, a temneparypa nunus - g0 +10°.
3'apunucst cepiio3Hi OesmicHi mpocropu. [loTiM kmimaTr 3M'skmuBcs W moTerutimas. lle cmpusuio



IIMPOKOMY PO3CEJICHHIO JIOAMHU Yy PE3yJbTaTi SKOi MaJeoaHTpoN (JIOAWHA CEPeIHBOTO MAIEOIIITY)
3aifHSIB Maibkeé Ha BCIO BUIBHY Bil JIbOJOBHKA TEPUTOPir0 €Bpomu. 3HAYHO 3pOCia KUIbKICTh
apXeoJIOTTYHHUX MaM'ATOK MpHUNUCYBaHUX Lii 10061. Llentpanphiii 1 Cxigniit €Bpori ix y 70 pa3iB Oinblie,
HDK paHHBOTO mnaneosity. OJHOYacHO 3'SIBIAIOTHCSA MICIEBI TPYNU W KYJIbTYpH, IIO CTa€ OCHOBOIO IS
HApO/KEHHSI HOBUX Pac 1 HapodiB. APXEOJOTH BBAXKAIOTh, II0 €BPONEHCHKE MYCTHE PO3BUIIOCS Y JABOX
OCHOBHHX 30HaX - y 3aximHiii €Bpomi i Ha KaBkasi - 1 3BiaTu nmommupwiocs Ha iHmy €Bpomny. [Ipsmuit
3B'SI30K MK CEpPEIHIM 1 paHHIM MaJICOIITOM YCTaHOBIIOETHCS B PIIKUX BHUITAKaX.

Mu MOKeMO CToCTepiraT i TepuTopiaibHy audepeHIianioo ekocomiymiB. Hampukinaa, HaceneHHs
Jlamio moJrroBasIo HA HAMPI3HOMAHITHINTY TUYUHY. MIicCIs Ui CTOSTHOK OOHMpaucs TaM, Jie Oyiia BUCOKa
0i0THMYHA PI3HOMAHITHICTh MPOMHCIOBHUX BUAIB. [lomoBany Ha sIK cllOHA, TimonoTama, Hocopora. Jlure
IICJIS 3HUKHEHHS BOJIOTUX JICiB i OOJIT CTpyKTypa 3100M4i 3MiHMIaca. 3pocTaHHS OIOTMYHHX 3amaciB
(KUTBKICTh KJIIMAaTUYHUX PECYpPCIB Ha MPSMY TMOB’s3aHA 13 KUIBKICTIO HEOOX1THOT /IS MUCTUBIS O10TH)
MIPUBEJIO /10 30UTBIIEHHS CTYIMEHS OCUIOCTI, 1[0 MMOBIPHO CIPHSIIO KOHCOJIAIT JIFOJICBKUX KOJIEKTUBIB
Ta BEJNO J0 BUHHUKHEHHS TMEPIIUX TNPUPOJOOXOPOHHHUX MpaBmi. KpiM mbOTo 3poCTaHHS TyCTOTH
HACEJIEHHS MEPEIIKOHKAI0 KOYOBOMY CIIOCO0Y KUTTA. AJKe Nepexi]] 4epe3 Uyx1 MUCIUBCHKI BOJIOIHHSA
OyB 3HAYHOIO 3arpo30I0 IS )KUTTS KOYIBHHKIB. TOMy JIFOJIMHA CcTasia BUMYIIEHA PUCTOCOBYBATHCS 10
YMOB JIOBKULJIS Yepe3 BIOCKOHAJIEHHS 3HAPsIIb Tpalli Ta OepexIIMBEe CTABJICHHS /10 IPUPOIU. 3MIHIIIACH 1
cama CTpPYKTypa Ta Mopajib colliyMy. B monepenHto ernoxy 0yso 3aradbHOTPUWHITAM 3aTHIIATH «THIITHIX
MaJIsT CTapuX Ta IHBaIIAIB Ha MICLI cTapoi CTOSHKU oOpikaroun ix Ha cMepTh (A.Il. Hazapersn Hacumnue
¥ TEPIUMOCTh. aHTPOMOJIOTHYECKasl PETPOCIIEKTHBA). B ermoxy cepelrHboro ManeostiTy € MpUKIal, KOJIU
JIO/IMHA, IO BTpAaTWJIACs PYKH, JKHWJa 1€ JOBTHA dYac TICHs BTPATH MPANe3NaTHOCTi, aje X TaKy
MO>KJIUBICTh MIT JaTU HOMY KOJIEKTHB.

Hemnonamix Bin BuiieonucaHoro exocoiiymy, B nedepi Monte Uipueo (Jlamio) 3Haxoaunacek Jemio
BiZIMIHHA Tpyrna. BoHa Bena MmosioBaHHS HAa TBApWH, SKi KWIM Ha IXHIA MHUCIMBCHKIM TepuTopii (30HA
paniycom 10 KM HaBKOJIO CTOSIHKH), 1110 BKJTFOYAJIa BIIKPHUTI MICIIEBOCTI, JIe TIACTUCS KOHI; PIIKY MapKOBY
POCIHMHHICTD 1 CyX1 CBITJI JIiCH Ha BOJOJLIAX, /1€ JKWJIM OJICHI W WK1 OMKW; TYCTI BOJIOT1 JIICH, y SIKHX
KWW KabaHW W KO3ynmi. 3MIHM MPUPOAHUX YMOB TPHUBENH JESAKHUX CTATHUX TPABOITHUX JI0 MIrparfii:
VIITKY - B AICHHIHM, Ha PSCHI TACOBHWINA, Y3UMKY - Ha3aj, Yy HU3WHHI palloHU. Ale cyasum 3
po3TalTyBaHHS TaM'ATHHUKIB CEPEIHLOTO IaJIeoJIiTy, JIIOJMHA HE pyXajacs 3a 4YepelaMd B TIPChKI
MICIIEBOCTI, 3QJIMIIAIOYUCh B OCHOBHOMY B HHU3MHHHMX palOHax, Jae 30epiraaucs CIOHH, OEreMoTH,
Hocopord. lle roBopuTh IO I'ycTOTa HAceJeHHS 3a YMOB IO CKJIajacsi HE CTajla MOIITOBXOM s
€BOJIIOLII] COI[IOEKOCUCTEM.

I'pynu nropeii mo nomupuincs €BpONO MPUCTOCOBYBAIMCS O PI3SHUX PECYpPCHUX CHCTEM ajie
BCE OJIHO B IiXHbOMY JKUTTI Oyino Oarato cnitbHOTOo. Tak Ha miBHIYHOI Itanii Ga3zoBi Tabopu
PO3TAIIOBYIOTHCS MK MOPCHKUMHU pecypcaMH i ropamu. TyT MOMIOIOTH HA CapH i oJieHiB. [HIa kapTuHa
B neuepi Mopii (Icmanis): 6mu3bko 50% KICTKOBHUX 3alUMIKIB TYT HAJICKUTh BEIMKOMY OMKOBI, 1HIII -
IUIIXETHOMY OJIeHEB1 il koHeBl. Y Kpumy nostoBanu maiike BUHATKOBO Ha Jqukoro ocna (Crapocense) i
caifry (3ackenpHa). Ha KaBkasi y BopoHioBcekiit nieuepi 98,8% 3anumkiB ¢ayHu Halnexarb NEUEPHOMY
BEIME/IeB1, HA UIbCHKIN cTOSHII 0 87% cTaHOBIATH KOcTi 6i30Ha. Hacenennss Mononosa B cepeiHbOMY
MaJeoJIiTi MOJI0BAJIO0 HA MAMOHTA, a TAKOX Ha KOHs, O0i30Ha U miBHIYHOTO ojeHs. B Epne (Yropmuna)
00'eKTOM HaABECHI MMOIOBAIM Ha MedepHoro Beamens (3anumku 6mu3pko 500 ocif), a BIITKY - Ha KOHS ¢
rinonorama. ¥ Kenircxaye 6uns ['apucbkux rip B Himequuni 0:1m3pk0 30 4OJIOBIK - WM 13 KBITHS 1O
KOBTEHb Ha Oepesi 03epa, y JOCUTh BIAKPUTIH MICIIEBOCTI, B OTOUEHHI OYepeTSHUX OOJIIT 1 JIiCIB 3 BUIbXH,
6epesu, TomoJii. OCHOBHUM 3aHATTAM OYJO IMOJIIOBaHHS Ha MaMOHTa, HOCOPOTa, TUKOTO KOHS W Ouka.
ITocenenns JleGenmrent y 3anmpirurrepa B HiMeuunHi iCHyBajao B yMOBAax TYHJIPOBOI POCIMHHOCTI 55
TUC. pokiB ToMy. OCHOBHUM 3aHSTTSIM HaceJEeHHs OYJO MOJTIOBAaHHS Ha MIBHIYHOTO OJieHs, O130HA, KOHS,
HIepCTUCTOro Hocopora. Bei kam'siHi 3HapsAas - 3HapsAs MOMIOBaHHA M 0OpoOneHHs Tyml. Lle miTHii
Tabip rpynu MuciauBiiB (40-50 4oyOBIK), 10 3yMUHSIUCH MOKIUBO TYT Ha JEKUIbKa THXKHIB. Y TPOTi
Oprtioc (PpaH1ist) MUCIHBII HAa TAHTEPY, PUCh, BOBKA MPUHOCHIIN B Tallp TUIBKHU LIKIpH, 3HATI HAa Micli
MOJIIOBAHHS. AHAJIOTIYHAa KapTHHA crocrepiranacs B Eppae, ne Ha medepHy TrieHy, BOBKa W Oyporo
BeJME/IS MOJIOBANIM yepe3 iXHi mKipu. PubHuii noB O0yB ocHOBHUM JukepenoM bki B Kymapo na KaBkasi
(13 BUTbHOT eHIUKIIONE T Bikimemis).



3MiHH B cTIOCO01 KHUTTS NPUBEIU A0 YIOCKOHAJICHHS MHUCIMBCHKOI 30poi. IcHyBano mosroBaHHS 3i
CIIHCOM, Y TOMY YHUCIi i METaJIbHUM, OCHAIIEHUM KPEMIHHUM HAaKOHEUYHHUKOM. MyCTBEPCBHKI 3HApSIISA
Oynu Oarato(yHKIIOHATIbHI: BOHU CIYXHIU JUII 0OpOOKM JepeBa M WIKip, A CTPYraHHs, pi3aHHS i
HaBiTh CBepUTiHHA. byna ocBoeHa i oOnmaBHE MMOJIIOBAHHS Ha IEpecideHill MICIEBOCTI, MOXKIHBO, 3
BUKOPHUCTaHHAM JIOBYHMX sIM. Taki JOCKOHa crocoOu 100yBaHHS DKI MOTJIM MPUBECTH JIO MIBHIKOTO
BHCHQ)XEHHSI PECYpCiB TOMY BB@)KAaEMO IO HA TOM Yac YK€ ICHYBaJIM UiTKI MHCIHMBCHKI Taly sKi €
aHaJoroM Hamoi exkojoriunoi etuku. IloniOHI Taly € 1 B CydacCHUX HAPOIIB, SIKi )KUBYTHh JaBHIM (TIOCT
MYCTBEPCHKHUM) CIOCOOOM KUTTS. Biarosiocku mux taldy 10 MUX Mip ICHYIOTH Ha TEPUTOPIi €BPOTIH.
Hanpuknan y Jneskux MOJIMIYKIB HE JI03BOJIAETbCS YOWUBATH JieOels, JIENeKy,COMKYy YH IaByKa,
PO30pIOBATH THI3A JTACTIBOYOK Ta 3HIKYBATH POITYX.

XKutio Ti€l enoXu TOCUTH YITKO PO3UIAETHCS Ha 0a30B1 TAOOPH (3ATHIIKU SKUX YaCTO 3HAXOIATH Y
BEJIMKUX U 10Ope BKPUTHUX Meuepax, /1€ YTBOPUIIUCS MOTYKH1 KyJbTYpHI IAapH 3 AOCUTh PI3HOMAHITHOIO
(ayHO10), 1 HA TUMYACcOBI MUCIUBCHKI Tabopu (6inHa iHaycTpist). Llle 3ycTpivatoTees W MaiicTepHi Auis
BUJI0OYTKY ¥ mepBicHOi 00poOku kameHro. Tak Hampuknan y xanToHi bepn (IlIBeiinapis) 3HaiineH1
MycTbepcbki Miclisl BUAOOYTKY KpEMEHS Y BUIUIAJI BEPTHUKAIbHUX M TNHOMHOIO 60 cM, BUKOIAHMX
poroBuM 3HapsaaasaM. TyT BupoOisutacs nepBuHHa oOpoOka kpemens; y bamarennmosamie (YropiinHa)
Oyny 1maxTy 1o BUAOOYBaHHIO OapBHUKIB; y MiBJACHHO-3aX1AHIA DpaHIii MyCTbEPCHKI CTOSIHKU 3HAaiiIeH1
M CKEeJIbHUMH HaBicaMH M y MalluxX Imedepax, 10 PiKo MepeBUIlytoTh 20-25 M 3aBIIUPLIKY U TIHOUHY;
neyepu B KomO I'penani it Jle Ileiipape (IliBgenna @panuis) Oynu 1oycTaTKOBaHI; KHUTIA 3 KOCTeH
MaMOHTa 13 3aJUIIKaMH BOTHMIIL YCEpeIuH1 M BIIKPUTUM HEeOOM 3HalJeH1 Ha cTosHLI Monoaoso | Ha
Huictpi.

Hamnpukiaii nporo mnepiony 3’sBIASETHCS KUTIIO BEJIHKI 3 OaraTbMa BOTHHINIAMHU KUTJIA, 3HAUACH] Y
Opanrii (JIe Ieipap, Bo-Jle-J1'06e3pe, Dckummo-I'pano). 3aiuiiku ecsITH HEBEIMKHUX KUTEI BUSBJICHI B
Hu30B'sX p. Hropane (Opaniis). Lle Bka3zye Ha ckitagHy CIMEHHO i€epapXidyHy CTPYKTYPY CYCHLIBCTBA.

KyneTypa 1mporo dacy 3poOuia 3HaAYHHMA CKAavyoK 10 yckiaaHeHHs. [IpucyTHI mepuii putyanbHi
MOXOBaHHS (MOXKJIMBO 3apOJKYBaBCSl TOTEMI3M), 1 3aCTOCYBaHHS OpHAMEHTAIlli - PUTMIYHI TTOBTOPEHHS
Hapi30K Ha KICTKax ab0 KaMEHsX, BUKOpPHCTaHHS (apOu (mepeBakHO 4YEepBOHOI BOXpHU). buiburicts
MYCThEPCHKUX TMOXOBaHb NepedyBae B Mexkax IOCEJIeHb, B OCHOBHOMY B meuepax. MoruibHi MU -
HErMOOKI, HENmpaBWJIBHUX OOPHUCIB, aje 4acTo BHPUTI a00 BHAOBOAHI CIEMIaIbHO MJIsi TOXOBaHHSI.
OCHOBHHUI MMOXOBAJIBHHUI OOPSIA - TPYIOIOJIOKEHHS Ha OOITi, 31 3JIeTKa MIITHYTUMH B KOJIIHAX HOTaMH.
3Bepxy MOXOBaHHS 3acunanocs 3emierd abo kKameHsMU. Tam, Je MOKHAa BCTAaHOBHUTH, NOXOBAHHM
3BEpHEHUH T'OJIOBOIO Ha 3axij abo cXifl. 3B'A30K MOMEPIHX 3 POJOBOIO TPOMaO0 30epiramacs M Micist
cMepTi. MOKIIMBO BOHU BIPHJIM B JKUTTS IMICISA CMEPTI (1€ He OyJI0 aHIMICTUYHE BipyBaHH).

BinOyBanock 3apopkeHHsT TOTeMi3My. TakuM TOTEMOM JUIsl 6aratbox OyB BeIMiah — MeYepHU ab0
Oypwuii. 3yCTpiduarOThCsl BUMAJAKH 0COOIUBOTO 00Iry 13 UyepernamMu i KOCTSAMH BEJMEIIB: Yepena CKIaatoTh
y clielianbHi Hilll B iedepax abo smuku 3 kKam'saux minT (Apaxennox, [Iseinapis; [lerepcxene, ®PH),
KICTKH XOBAIOTh y CHEIlaIbHUX KaM'stHUX criopymkeHHsx (Perypny, IliBnenno-3axigna @paniis).

YTBOpEeHHS MacITaOHOTO JIbOJOBUKOBOTO MOKPHUBY Ha MiBHOY1 €Bponu 20-23 Tucs4i pOKiB J10 H.€.
MPUBEJIO J0 TOPYIICHHS CHCTEMHU 3B’S3KIB MDK eneMeHTamu Oiocdepu. ['nmobanbHa HuMBLII3aliiHA
karactpoa Ta HACTymHa 3a HEK 3MiHA KIIMaTy MpuBela 3 OJHOro OOKy [0 pyHHYBaHHS psay
COIIIOEKOCUCTEM a 3 IPYroro CTajia MPUCKOPIOBAYEeM €BOJIIOLNIT IHILINX.

Enoxa nizaporo maneomity (35000 — 10000 mo H. e) me AaBHS Kam'sHa A00a — 4Yac XKUTTS
KJIACUYHOTO HeaHJepTalblisd. AJle MapalielbHO 13 IIUM BUJOM YyXe iICHyBaJld TPYNU CY4acHHUX JIOJAeH Ta
KpOMaHBHOHIIB. MiclsIMU NOLIMpEHHs HeaHaepTaiblst Oynu €Bpoma, Ilepenns Asis 1 Adpuka. Ane
KPOMaHBHOHIII Ta Cy4acHi JIOIU BUTICHUIHM HOTO B CKIIQJHI AJIs MpokuBaHHs Mict 1 micis 27,000 poky
710 H. € 3yCTpIYaeThes TUIBKU CydacHa JIIOAMHA.

B HOBHX NpUPOAHHMX yMOBaX CIOCTEpIraBcsl SAKICHUH CKaYOK PECTPYKTYpH3allii COLIOEKOCHUCTEM.
CdopmyBaBcss MaTpiapXxalbHO-POJOBHH JaJ, 110 HA0YB JAJBIIOTO PO3BUTKY 38 HACTYMHHUX 1CTOPUYHUX
qaciB — Me30JITy 1 Heoxniry. [lanyBanu MaTpuiokaibHi (YOJIOBIK MEPEeXOAMUB JJIS CTBOPEHHS CiM’1 110
poJly KIHKM) Ta MaTpUIIiHiIHI (po1oBix BIBCS MO >KiHOUiH JiHiT) 3B’s3ku. [laneoniT xapakTepu3yBaBcs
MOIIUPEHHSAM NPUMITUBHUX 3HApsAAb Mpali 3 JepeBa, KaMEeHIO 1 KICTKHM, MaHyBaHHSM MHCIHBCTBA Ta
30MpalIbHULITBA.



BinbIIicTh TOCTIIHUKIB BBAXKAIOTh, 110 B A0OY MI3HBOTO MAJIEOJITY HEAOHIKY posib y GopMyBaHHI
€KOCOIIIyMIB BilirpaBajlo0 MHUCTEITBO. BOHO 3MIIHIOBAIO COIlialibHI 3B'I3KH, JOTMOMAaraio (GopMyBaHHIO
nepBicHOI OOIIMHU, CTaBajio 3aco00M mepedadi JOCBiAYy Bil MOKOJIHHS A0 mokoJiHHA. Komo TBopiB
00pa30TBOPUYOr0 MUCTELTBA MAJICONITY AOCUTH HMIMPOKE: IO 300pakatoTh TBApHUH 1 JIOAEH, BUKOHAHI HA
KaMeHi (metporimiu), TpaBlOpPH Ha KICTKaX 1 porax, penbedu, MATIOHKH, TIHHAHI 1 KaM'siHI CKYJBITYPH.
Bceecitapo Binomi neuepu ®pantii (JIsceko, Pon-ge-I'om) i Icnanii (Anbramipa) 30eperiiv BCECBITHBO
BiJIOMI MTAJICOJIITHYHI KAPTHHH.

[TosicHIOIOTE MOTPEOY JIFOAWHU TIEpeJaTH HABKOJMIIHIA CBIT XYJTOKHIMH 3aC00aMH PEITiriiitHUMHU
MariyHUMHU ysBJICHHSAMH, BUHUKHEHHS SIKUX BIAHOCHTBCS JO TOTO XK 4Yacy. AJe pemiris QyXe 4acTo s
OUTBIIIOCTI YICHIB COLIyMY € OJHOYAaCHO HAyKOI0, 3aKOHOJABCTBOM 1 MOPATbHO-CTUYHUM KOJEeKCOM. B
YMOBaX KPUTHYHUX BITHOCHH i3 JOBKUUIAM (OOMEXKEHHS pecypciB abo 3arposa HUTTIO Ta 370POB’I0),
KOJIM BHACHIIIOK CTpecy BIAOYBa€TbCs MAacoBE€ 3BY)KEHHS CBIJOMOCTI, TakuW  peNriidiHui
rinep0oJi30BaHui yHIBEpCcalli3M MOCUIIOEThCsI. CaMe TOMY, IT0YaTOK €MoX TaK 3BaHUX «TEMHMX 4YaciBy,
MUHYJIOTO THCSUOJITTS OB S3YIOTh 13 MaJIMMH JIhOJOBUKOBUMHU mepiomamu (1311-1315, 1560-1604,
1621-1669, 1784). CyuacHa etHOTpadis HABOJUTH NPUKIAAW, KOJHM 3aKJIMHAHHS, TaHIN JOBKOJA
300pakeHb CIPUIIMaOThCS 3aCO00OM BIUIMBY Ha CHPaBXKHIX TBapuHax. Tak, aBCTpalilChbKl Ty3eMIl
BIpSITH, 110 SIKILO YOJIOBIKM BUMAJIOIOTh 200 «OCBIKaTh» HOBUM po3(hapOyBaHHSIM 300pa)K€HHSI TBApUH
abo pOCIMH Ha CTiHAX MPHUCBSYEHOI HUM I€YepU, TO 1[I TBAPUHU 1 POCIMHH OYAYTh MHOKUTHCS B
crpaBkHbOMY KHUTTL. Cepea MaIOHKIB pIKO, ajie 3yCTpI4aloThcsl 300pakeHHs JIOAEH B MacKax.
Mupoko Bimomuil Tak 3BaHui «YakiayH» 3 medepu Tprox OpatiB y @Dpanuii — HamiBoJIeHb-
HaITBJIFOIMHA. MUCTEINTBO TaHIIO, WMOBIPHO, TAaKOXX PO3BUBAETHCA 3 IMITaIlll MOBEAIHKHA TBApHH.
MHCIIMBCHKUX 1 BINCHKOBUX BIIPAB.

CkynbpITypa MUPOKO MpPEACTaBICHA KIHOYMMHU CTaTyeTKaMU HEBEJIHMKOTO po3Mipy. BoHM BHKOHaHI
3aBXIM 33 OJIHUM 3araJlbHUM MPUHIMIIOM: KIHITIBKH JIJIBE HaMiUeHi, pucHu oOJWYYsl HE TIO3HAYCHA, ajie
3aTe PI3KO MIIKPECIeHI O3HAKH JKIHKH-MaTepi. Taki cTaTyeTku 0Opa3HO HA3WBAIOTh «IAJCOITUIHUMHU
Benepamuy. OueBHIHO, IO OCHOBHA i7esl TAKUX 300paKeHb — 11es TUIOAI0YOCTI, MPOJOBXKEHHS POIY.
BueHi 3B's3y10Th iX 3 KyJIbTOM >KIHKH-TIPAPOJIUTEIbLKH B MATEPUHCHKIA POMOBIA OOMIMHI (16 paxyHOK
CIIOPITHEHOCTI BIBCA MO MAaTepUHCHKIM JiHIT). B  VYkpaini pocmimkeHo Oarato maleoiTUYHUX
namM'aTHUKIB. OIMH 3 HUX — cTOsTHKa Me3iHo Ha fcHax, moonusy Uepnirora. Tam 3HaiineHi Girypku, mo
300pakar0Th NTaxiB, a TAKOXK KICTSHUMN OpaciieT, HOKPUTUI CKIaJHUM T€OMETPUYHUM OPHAMEHTOM.

XYI0KHHUKH TAJICOJIITy 300paKyBajid B OCHOBHOMY TBapUH — 3yOpiB, KOHEH, OJICHIB, MAMOHTIB.
[Teprmi MaarOHKM HEJOCKOHAII, ajie 3r0JI0OM MaHCTEPHICTh J0cArae pa3rdoro piBHs. Dirypa TBapuHU
MaJIOEThCSl  YIIEBHEHOIO JIIHIEI0, JOTpUMYIOThcsi mpomnopiii. IllegeBpu mnedepHOro >KUBOMUCY 3
AnbTtamipu, JIsceko, @oH-ne-1'oM nepenaroTh TBApUH Maike B HATYPaIbHUI 3PICT 3 BEITMKOIO KUTTEBOIO
nepekoHauBicTI0. OCOOMUBICTIO IMUX PO3MHCIB € Te, IO PeaiCTHUHI 300paK€HHS OKPEMHX TBapuH
KOMITO3UIIIITHO MK COOOI0 HE TMOB'S3aHi, 1HOJI HAaBITh «HAIIAPOBYIOTHCS» OJWH Ha OJAHY. Tomy
HaIMPOUIYETHCS TIMOTE3a MPO 3apPOHKEHHS B MEXKax TPy MUCIUBLIB (TJIEMEH1) 0COOIUBUX €KOCOLIyMIB
HOCIIB CakpaJbHUX 3HaHb, SIKI KEpyBajll pUTyalaMH Ta MOTJIM BJIOCKOHAIIOBATUCSA B 0OPa30TBOPUOMY
MUCTENTBL. TakuM YHMHOM MU BBa)KA€EMO IO KpiM 3BHUYAMHOT MacH HACEIEeHHS PO3AUICHOI 3a BIKOBUM 1
CTaTeBUM MPHUHIMIIOM (YOJIOBIKHM, >KIHKM, AITH) BUAUISIAcCS Tpyna BOXKIIB (200 BOXIA) K Jigepa i
CaMoro Kpaiioro MeHe/Kepa MOJIIOBaHHsS Ta Tpyla «IHTENIreHIii», ska 3aiiManacs nepeiadero Hal
MOOYTOBHX 3HAHb.

TanenHs 1b010BUKA BiI0YBaJIOCh B CYMPOBO/II KaTaCTPO(IUHUX KIIMAaTUYHUX ABHI. J[71s1 6aratbox
BUJIB (B TOMY YMCJ1 1 TUX 11O SBJSIOTH POMUCIIOBY I[IHHICTB IS JTFOJMHU) 111 3MIHU CTaJld TpariyHUMH.
Ile mocmyxuyio crapToM i JIAQHIIOra MOAINA sIKI NMPHUCKOPHIIM EBOJIIOLII0 COLIOEKOCUCTEM. 3MIHA
MUCJIHMBCHKOT 3700M4Yi CTala TOJOBHUM UWHHUKOM SKAW TIPUBIB OO JAerpajamii Ta acuMismii
KPOMaHBHOHCBKUX Tpyl. BinOyBanuch TiraHTChbKiI NEPETBOPEHHS B CHOCO01 JKUTTS (TOJIOBAHHS,
noOyT...), sIKI IpuUBeIH 3a co0OI0 3MIHM B KYJIbTYpl Ta peiirii. A oTKe 3MIHWJINCH caMi HPUHIUIH
€KOJIOTIYHOT €THKH.

Cepennst kam'sHa 00a (ME30JIT Bil TpelbKoro HEcog - cepeaHiil 1 Afoc¢ - kaMmiHb) — emoxa
kam’siHo1 1o6u (12,000-7,000 mo H.e.), mo Oyna MepexiHO MK MaleodiToM i HeomiToM. OCHOBHUMH
O3HAaKaMHM enoxu Oyyio MOUIMpeHHd JyKa 1 cTpimu. CycninecTBO mie 30epirano marpiapXaibHi ycToi aie



U OKPEMHUX T'PYIl BOHM TOYald 37aBaTd CBOi MO3MINI. 3Hai[eHi y Me30JITUYHHX CTOsHKax Kpumy
KICTKM cO0aKy Ta CBUHI € T0OKa3aMH TOTO, IO iX Mpupydyanu. 3 IBUIHCA MEpIli HABUYKH Y BUTOTOBJICHHI
TJIMHSHOTO mocyay. s moXoBaHb 4aciB ME30JITy XapaKTepHUM OyB 0Opsi TPYMOIOKIAACHHS y CTaHi
BUIIPOCTAHOMY Ha CIHHI a00 B CKOpueHOMY Ha Oomi. BuHUKIA KpH3a MHCIMBCHKOTO TOCIIONAPCTBA,
nocrana HeoOXiIHICTh TOUIYKY Ta BIPOBAKEHHS BIATBOPIOBAILHUX (POPM TOCIOAAPCTBA — CKOTAPCTBA
Ta 3eMJIepoOCTBa.

Lls emoxa € sSICKpaBOIO LIFOCTPAIli€I0 BIUIMBY reorpadiqHOTrO CEpeOBHINA HA KUTTS W E€BOJIOIIIO
comiymy. 3aKiHYy€eThCS JILOJIOBUKOBUN TEPIOJ: TEIUTiE€ KIIMAaT, OHOBIIOETHCS POCITHHHICTH, MIHSETHCS
¢dayna. Crasm HENMOTPIOHMMH BEJIHMKI TPOMAJCHKI 00'€mMHAHHS, iX 3MIHIOIOTh HEBEIHMKI KOJCKTHUBHU
MUCIUBLIB. J[0 IIbOTO Yacy BiIHOCUTHCS YyJOBHI TEXHIYHMI BHHAXIM - JYK 1 CTpiau. Benmka KiTbKICTH
BOJHUX TPOCTOPIB MICIs TaHEHHsS JIbOJOBHKIB NpPUBENAa 10 IIMPOKOTO NOUIMPEHHS pPHOAIbCTBA.
MiHsieTbCsl 1 XapakTep 30MpalbHMIITBA, MOrO OCHOBOIO CTae 30ip AUKUX 37aKkiB. SIk Marepian s
BUTOTOBJICHHS 3HAps/ib IIUPOKO BUKOPUCTOBYETHCS KICTKA. 3'ABISETHCS HOBA, OUIbII €(PEKTHBHA, TaK
3BaHa MIKPOJITUYHA TEXHIKAa OOpOOKM KaMEHIO: BUTOTOBJICHHS KPEMEHEBHUX IIJIACTHH-BKIIA/IUIIIB
HEBEJIMKOr0 po3Mipy - MIKpodiTiB. Hampuxman, ocHOBy cepra poOWiaM 3 KICTKH, a JI€30 CKJIaJaiu
Mikpositn. MIMOBipHO, B Me30miTi JOAM OCBOINMM IUIABAHHA HA KOJNOJAX i IoTax. IloumHaeThCs
MIPUPYUYEHHS TBApHH: MEPILOI0 IPUPYIEHOI0 TBapuHOIO Oyna cobaka (I"aiimaii, 2000).

3arajnbHUI XapakTep 00pa30TBOPYOTO0 MHMCTELTBA MOPIBHAHO 3 MOMEPEIHIM eTaroM 30epiraerbes,
OJIHaK Ha BIAMIHY BiJl MaJeoJITy B ME30JITHUYHUX PO3MHCAX LIEHTPAJIbHE IMOJIOKEHHS MMOYMHAE 3aliMaTu
JOJMHAa, ii ail. Tenep XyJOXKHUK IMparHe rnepeiaTtu He CTUIbKU 30BHIMIHIO CTOPOHY, CKUIBKH BHYTPIIIHE
3HAYEHHS TOTrO, IO BiOyBaeThes. 300pa’keHHS MEHII peajiCTHyYHE, 110 TOBOPHUTH MpPO HOBI 3ajadi, fKi
BHPIITYBAJIO MUCTENTBO. ['0JIOBHA yBara Temep 30CepePKeHa Ha CIOKETi, JWHAMIIl IO BigOyBa€ThCs
(oOBaHHS, TaHEllb).

3MIHM B MICISUTHOJIOBUKOBY €IIOXY 3aIlyCTHJIM JIAHIIOT 3MiH Y BiIHOCHMHAX MDK COI[IlyMOM 1
noBkiusiM. [li 3MiHM mpuBenW Tak 3BaHOI HEOJITHYHOI €BOJIIOINII. Peakiliero Ha TOTIPIICHHS YMOB
cepenoBuina (0OMEXEHHSI PECYpCiB, 3pOCTaHHS KOHKYpEHIIil) Termep OyJ0 HE aBTOMATHYHE 3HWKCHHS
YUCENBHOCTI a YJIOCKOHAJIEHHs CIMOCO0IB eKcruryaTaii pecypciB. Po3mmpunocs uucio BHIIB AKi
BHUKOPHUCTOBYBAIUCh y TKy. Lle BigOyBamoch 3a paxyHOK OTPHUMaHOI MOKJIMBOCTI CIIOKMBATH paHiIIe
HEJOCTYNHY DKy (MOJIOTH 1 BApUTH 3€pHA) a TAaKOX 30epiraTé DKy BITHOCHO TpHBAIHMK 4Yac (KONTIHHS Ta
BapiHHS 3 MOJAJIBLINM TPUMaHHSIM B KepaMiuHOMy mocyxdi). Lle cramo mpuumHOIO TOro mo 06’eMu
CIOKMBAHUX PECYPCIB 3pOCTAIN MapasesIbHO 13 30UIBIIICHHSAM YKCciIa HaceJeHHs Ta oro notped. Yac Bix
yacy TakWii mpolec MPUBOJAUB J0 PECYpCHHUX Kpu3. ToMy 10 B IIi MOMEHTH HacTymnaB JIediluT pecypciB
K1 J0OyBaJMCh cTapuM crocoOoM. JltonuHa pearyBaiia B JBOX HampsiMax. BoHa posmodnHaia MacoBe
3HM)KEHHS YMCiIa HAaceJICHHs Yepe3 BIHU (3a BOJIOJIHHS PecypcaMy UM BHACIIIOK CIIPOOH MEepeMillleHHS
HapoJiB BiJ HEPOJIOYMX 3€MeJib) a00 BHHAXOJWJIA HOBI CIIOCOOM OTPUMaHHS MOTPIOHMX JKEpen Dxi,
eHeprii Ta iHIe.

[ndopmariito mpo AONUCEMHI €KOJOTIYHI 3HAHHA MU MOXEMO OTpPUMATH 13 CIHUIKYBaHHS 3
Cy4JaCHHUMH HapOJTHOCTSAMH, sIKI BeIyTh AaBHiM crocid >kuttsa. Y micax Itypi (Llentpansna Adpuka)
ICHYIOTb TpH MEpBICHUX IUIeMeHi:aka, ede, MOyTi. BoHM 10 Hamoro yacy 3HaxXoAsThCsl Ha PiBHI
KaM’SHOTO BIKY, 1 )KUBYTb SIK 30Mpadi 1 MUCITHBIIL. Ixmim CEPEIOBHILIEM JKUTTS € BOJIOTHHA TPOIIYHUH JTiC
(baTpko-I1iC), BOHH HOMY «MOJSTBHCS» 1 MPUHOCATH CBOI KEpTBU (MiJ 4ac 1K1 3aropTaloTh B JHUCTOK
IIMATOK 1 KIaxyTh MK rumisam). XKan-II'ep Anne, skuif mpoBiB 13 HUMHM 0arato pokiB, TOBOPHUTb, IIO
MPUHLUIIOM TXHBOTO KMUTTS € «BIJHOCUTHCH JI0 PUPOJM TakK K Xouell, 1100 BOHA BITHOCUIIACh JI0 Tebe,
10 Ty’K€ CUJIbHO Harajye eTMuHy konuenuito A. IlIBeiinepa. Yci MmopaibHi (1 IEBHOIO MIpOO FOPUANYHI
B TOMY YHCJI1) 3aKOHH TXHIX 0OIIMH 3BOJATHCS 110 18 Taldy:

XKopcroke MOBOIKEHHS 13 JITHhMU;

YOuBCTBO;

Hepo3yMmHe 3HUILIEHHS TBApUH;

Henosara no 6aThKiB Ta cTapiiux;

BinMoBa B 10moMo3i mopaHeHOMY UM 3a0TyKaloMy;
3incyBaHHs DKi;

3a0pyaHEeHHS BOJIH;

NoogkrwhPE



8. Maris;

9. [TIlepenrob;

10. Bosry3TBO Ha MOJIIOBaHHI,

11. IToOurrs 4oiOBIKA;

12. TloGutTs ApYXUHU;

13. BupyOyBaHHs BEIHKHX JIEPEB;

14. BoroxymnbCTBO;

15. BukopucTaHHS JUIs TIOJTIOBAHHS KaIlKaHIB,

16. Kpagixkkw;
17. TloigaHus f€1b;
18. O6MoBa.

VY Gararbox CydacHUX IIJIEMEH JI0 IIbOTO Yacy ICHYBaJIu 3a00POHHU MO0 TMOJIOBAHHS Ha OKPEMHX
BUJIIB TBapuH. Hampuknan, y 6anTy mij 3a00poHy NOTPAIUISIIA KPOKOIWII, JI€B, OMK 1 OJ1aKMTHA aHTUIIOIA.
Ix He MOxHA OyJi0 He TO 10 BOMBATU a HABITh pO3AUBISITHCS. [1i] yac aHTUKOJIOHIAIHLHOTO MOBCTAHHS B
Kenii (1952-1956 poxu) Oyno 3ipBaHO BEIMKUN HACTYN MOBCTAHIIB 3aroHy «JIicOBUX OiiuiB». BoHu
BB@XKAJIM, L0 SIKIIO AOPOTY Mepeiiie 0JieHb Uu Ta3eib TO HEK HE BapTo WTH 1 3aJyMaHy poOOTy HE Cilij
pobutu. Tomy, KOJIM Ha LUISIXY <J1ICOBUX O1iIIiBY» 3 SBUJIUCH 111 TBAPUHHU, BOHU MOBEPHYIH Ha3al, HE
BUHIIIOBIIN HA CBOI IMO3MUIIII.

BinHoCMHM MDK JIOACTBOM Ta JOBKULISM PpO3BUBANUCS JOCUTH OypxJiMBO 1 Ha cepeanHy XX
CTOJIITTS KpW3a IHUX BIIHOCHH CTaja OYEBUAHOIO. Bce Ouibime 1 OuThIle BYEHHMX, TOJITHKIB Ta
MITPUEMITIB MOYATH 33]aBaTUCS 3aTUTaHHAM — 1110 Oye nani? OgHUMU 13 TEPIIUX, XTO MyOJIIYHO MOYaB
TOBOPUTHU Mpo Iie B IodasbHOMY MacmTadbi Oynu uwieHn Pumcekoro kinyOy. Pumcbkuili kinyo OyB
3acHOBaHUM y KBiTHI 1968 poky Aypenio Ileuuei, iramiiicbkum mnpomucioBleM, Ta OneKkcaHIpoM
Kiarom, renepanpHuM aupekropoM 3 HaykoBux nutanb OECP. Bin OyB yTBOpeHUWi, KOJM HEBEIIMKA
MDKHapOJHA Tpymna JiojieH 13 chep Hayku, TPOMaTHCHKOTO CYCIUIBCTBA, IUTIOMATIi Ta TPOMHUCIOBOCTI
3ycTpinacs Ha BunIl Papre3ina B Pumi, 3Bimcu ¥ Has3Ba. lleHTpanpHOO y ¢dopmyBaHHI KiyOy Oyna
koHrenmis npobirematuku [leudei. Ha Horo mymky, po3risgatu mpoOeMH JIOJACTBA — TMOTIPIICHHS
JOBKULIS, O1IHICTh, €HIEMIYHE TTOTaHe 3JI0POB’s, MICbKY THUJIb, 3JI0YNHHICTh — OKPEMO, 130JIbOBAHO 200
SK «mMpoOJieMH, sIKI MOXXHA BHUPIINIUTH 3a BJIACHUX YMOB», OyJl0 TpUpeueHo Ha mpoBai. Bci
B3aeMOMNOB’s13aHl. «CaMme 110 y3arajdbHeHy MeTa-npobieMy (abo meracucTteMy mpoOjeMm), SKy MU
Ha3uBaJIHu 1 OyJeMO HAa3UBATH «IIPOOJIEMHOIO», SIKa MpUTaMaHHa Hamriid cutyamnii». Y 1970 porti 6aueHHs
[Teuyei Oyno BUKIAACHO B JOKyMEHTI, HamucaHoMy XacanoMm O30exan, Epixom Snuem 1 Onekcanapom
XpucrakicoM. Bin Hasuascs «The Predicament of Mankind; Quest for Structured Responses to Growing
Worldwide Complexities and Uncertaintics: A PROPOSAL.». JIokyMeHT OyJe CIyryBaTH IOPOXKHBOIO
kaptoto juis poekty LTG.

PumMcbkuii knmy0 mpuBepHYB 3HAUHY yBary IpPOMAJCHKOCTI 3 MepHIMM 3BiToM mns KiyOy «Mexi
3pocTanHA». Moro KoMm’loTepHe MOJIEIOBaHHs, OIyoikoBaHe B 1972 pol, mokasalno, mo eKOHOMidHe
3pOCTaHHsI HE MOXKE TpHUBaTH O€3KIHEYHO uepe3 BHCHaxKeHHs pecypciB. HadroBa kpuza 1973 poky
nocwimia CTypOoOBaHICTh TPOMAJICHKOCTI Ii€0 MpobiemMoro. 3BIT po3iimoBcs HaknagoM y 30 MiTbHOHIB
MPUMIpHUKIB OUTbII HDK 30 MOBaMH, 1110 3pOOMIIO HOTO HAHOUIBII MPOJIABAHOK €KOJOTIYHOK KHUTO B
icTopii.
[le no Toro, sx «Mexi 3poctanHs» Oyiau omyousikoBaHi, Enyapn Ilecrens 1 Muxaitno MecapoBuu 3
Vuisepcurery Keiic Bectepn Peseps po3nodanu poOoTy Haj HabaraTo CKJIaJHIIIO MOJEIUTIO (BOHA
poO3pi3HsIa AecATh perioHiB cBiTy Ta Bkiaodana 200 000 piBHsAHb y nopiBHsHHI 3 1 000 y mogeni
Menoy3a). JlocnipkeHHs OTpUMalo MOBHY MIATPUMKY KiyOy, 1 Hloro ocratouHa myOmikamist «JIroicTBO
Ha TepeIOMHOMY eTari» Oyia NpuiHATa K o(IIiiHIHA «1pyruit 3BiT» 10 PuMmcbkoro kinyoy B 1974 pori.
OxpiM HajaHHS OLTBII BUTOHYEHOI perioHanbHOi po30uBkH, [lectens i MecapoBuu 3poOuMiIN Blanocs
IHTerpyBaTH COLiajbHI Ta TEXHIYHI JaHi. Y Apyrii gomosimi Oyjao HeperisiHyTo CIeHapii MOYaTKOBUX
OoOMEXEeHb 3pOCTaHHS Ta JaHO OUIbII ONTUMICTUYHMHA NPOTHO3 MIOJO MaiOyTHBOTO JOBKULIA,
3a3HAYMBINY, 10 OaraTo (QaxkTopiB, sIKi OEPYTh Y4acTh, 3HAXOAATHCS MiJ KOHTPOJEM JIIOJUHH, a OTXKE,
€KOJIOTIUHY Ta €eKOHOMIYHY KaTacTpo(dy Mo>kHa 3ano0irT abo yHUKHYTH.

2. IcTopist 3apo/zkeHHs1 | pO3BUTKY MO/JIEJTIOBAHHS €KOCHCTEM.



[IpoBanu moxeneir Menoy3a He BHOWIM TPYHTY i3 MiJ HIr JOCHiIHUKIB. HaBmaku BHKIMKaNIO
rapsuMii iHTepec 10 MOJETIOBAHHS €KOCHCTEM 1 CTUMYJIOBAJIO HOro CTpIMKUN pPO3BUTOK. [ mobanbHuit
PHBOK B €KOJIOTIYHOMY MOJCIIOBaHHI BiIOyBCs 30KpeMma 3aBJsku ctapanHsMm Sven Erik Jgrgensen. V
1958 poui BiH oTpuMaB CTYyMiHb MaricTpa xiMiuHOi imkeHepii Texuiunoro yHiBepcutery [anii, moTim
JOKTOpa IHKeHEepiB HABKOJMIITHLOTO cepenoBuina (Texnomnoriunuii inctutyt Kapicpye) i JokTopa Hayk 3
eKxoJioriuHoro MozaeoBaHHs (YHiBepcuteT Konenrarena). BukiiagaB Kypcu eKOJIOTTIHOTO MOIETIOBAHHS
B 32 kpainax. [licis BUXOQy Ha TEHCII0O BIiH CTaB MOYECHUM MPOPEcopoM XiMil HABKOJUITHHOTO
cepenoBuia B KorneHrareHCcbkoMy yHIBEPCHUTETI.

Bin OyB mouecHuM nokropom YHiBepcutery KoimOpa, ITopryramis ta YuiBepcurery [lap-ec-
Canama, Tanzanis. Bin orpumaB kinbka Haropoxa: mpemiro Pymxepa Bomkosuua, mpemito IIpiroskuna,
menanb bresa Ilackans, npodecopa Eitnmrelina B Kuraiicbkiit akanemii Hayk 1 npemito Canta-K'spa 3a
OaraTtonucuuiutiHapHy Bukiaganas. Y 2004 pomi pazom 3 Bimesamom JIx. Mirmem BiH OyB
HaropokeHUi CTOKIOJIbMCBKOIO BOIHOIO ITPEMIEIO.

Y 1975 poui BiH 3acHyBaB xypHan Ecological Modelling, a B 1978 pomui 3acuyBaB ISEM,
MixHapo/IHEe TOBAPUCTBO €KOJIOTTYHOTO MOJIentoBaHHs. Bin omy0OiikyBaB 366 crateil, 3 sikux 275 Oyiu B
pELeH30BaHMX MDKHApPOJHUX JKypHalaX, a TakoX BipeJaryBaB abo CTaB aBTOpPOM 76 KHHI, KUIbKa 3
SIKUX OyJIO MepeKIIaZieHo IHIIUMH MOBaMH (KUTaHChKOI0, POCIMCHKOI0, ICIAHCHKOIO Ta MOPTYTalbChKOIO).

Y 2011 pomi BiH cTaB aBTOPOM IMJIPyYyHHWKA 3 E€KOJOTTYHOTO MoJemoBaHHs «OCHOBH
€KOJIOTTYHOTO MOJICTIOBAHHS», KU OyB OMyOJIIKOBaHWM 4YETBEPTUM BUIAHHSM pa3oMm 3 bpaitanom /I.
®arom 3 JlemaprameHTy OionoriuHux Hayk YHiBepcutTeTy Toycona. IlepeknaneHo KuTailchbkoro Ta
pociiicbkkoro MoBaMu (TpeTe BunaHHs). byB crniBpenakropom «EHuukionenii exosorii», suaanoi y 2008
p., Ta «EHUMKIONENAli €KOJOTIYHOTrO0 MEHEeIKMEHTY», BuAaHoi y rpyaHi 2012 p. ByB cmiBaBTopom
MipydYHruKa «BceTynm 10 CUCTEMHOIT eKOJIOTii», BUAAHOIO aHIJIChKOI0 MOBOIO B 2012 p. KUTalChKOIO
MoBOolO B 2013 pomi. By wienom penkonerii 18 MDKHapOAHMX S>KypHAIIB y Trajy3i €KoJIoTii Ta
€KOJIOTTYHOTO MeHeMKMeHTy. Bin OyB mpesugentom ISEM 1 OyB obOpanuii 10 €Bporeichkoi akaaemii
HayK 1 MUCTEIITB, Ji¢ BiH OyB TOJIOBOIO CEKIIii HayK MPO HABKOJIUIITHE CEPEIOBUIIIE.

Ecological Modeling — moMicsiunuii  perieH30BaHUil HAYKOBUN JKypHA, SKHH BHCBITIIIOE
BUKOPHUCTAHHS €KOCHUCTEMHUX MoOJeleil y ramy3i ekosiorii. Bin OyB 3acHoBanuii y 1975 pori CBeHOM
Epikom HWoprencenom 1 Bumaerbcs Elsevier. Hunimuii ronmoBuuit pemakrop — bpasa I, dar

(Vuiepcuter Toycona). 3rimHo 3 Journal Citation Reports, iMmakT-dakTop >xypramy B 2016 pori
CTaHOBUB 2,363

Crorojni y cBiri icHye mbkHapoana opranizaiis International Society of Ecological Modelling.
Bona 00’enHye (axiBiiB 13 yChOTO CBITY Ha PEryjsipHI CUMIIO3iyMH, i€ OOTOBOPIOIOTHCS MUTAHHSA, IO
Oynu 3amani me B 70-UX poKax MHHYJIOTO CTOJITTS. B Haml yac eKoJior Mae TpH OCHOBHUX HAINPSIMKH
JISUTBHOCTI:  €KOJIOT-TAa00paHT, THXKEHEP-€KOJIOT Ta €KOJor-aHamiTHK. EKojior aHamiTHK 1€ HaWOUIbII
CKJIAJIHMI Ta BUCOKOOIUIauyBaHuii (pax. Exosior nabopaHT JMIle BUMIPIOE MEBHI MapaMeTpy CepeIOBHIIA
1 MOpiBHIOE X 13 Hamepea BU3HAYCHUMH cTaHAapTaMu. EkoJior-iHkeHep, M0 MpaIoe i3 TeXHOICHHUM
HABAaHTAXXCHHSIM Ha JIOBKULIS BHKOPHCTOBYE €JIEMEHTH MOJICIIFOBAHHS. 3alpOBa/DKEHHSI 000B’SI3KOBOTO
opopmienns OBJI, ne dinbHe Miclie TpUMae MPOTHO3 HACHIAKIB BIUIUBY Ha MPUPOJHI €KOCHUCTEMH,
BUSIBUJIO J€(DIIUT MIArOTOBICHUX KAAPIB. [HKEHEpH HE 3aBX/IM CIPABJIUIUCS 13 MOCTABJICHUMH 3a/lauaMu
aJpKe HEMOJKJIMBO BTHCHYTH B CHCTEMY HOPMATHBHUX JOKYMEHTIB YCIO DPI3HOMAHITHICTH IMOBEIIHKU
IpUPOJHUX ekocucTeM. Came ToMy BUHHUKIIA TOTpe0da B OLIBIIOMY YHCIIi €KOJIOTIB aHAIITHKIB, SIK1 MOTJIH
0 OUTBII BUIHHO 1 JOCKOHAJIO BIPOBA/UKYBAaTH MOJIEJIIOBAHHS Ta MPOrHO3YBAHHS CTaHY JOBKULIA.

3. O0’exT i mpeaMeT MO/IeIIOBAHHS TA POTrHO3YBAHHS CTAHY JO0BKIJLJIS.

MopnentoBanHsT Ta TMPOTHO3YBAaHHS CTaHy MOBKULIA 1€ PO3IUT MPUKIATHOI EKOJIOTii, SKUN
JOCTIKYE CUCTEMHI1 3MIHM B TPHUPOJHUX EKOCHCTEMaxX Ha OCHOBI iXHIX MaTeMaTHUYHUX MOJEJeH.
O06’ekTOM 1BOTO pO3AUTYy € TPUPOAHI ekocucTeMu abo okpemi ixHI KommoHeHTH. [Ipeamerom
MOJICTIIOBAHHS Ta MPOTHO3YBAaHHS CTAaHY JOBKULIS € METOJOJIOTiSA Ta MpoIleaypa CTBOPEHHS MoOJenei
MIPUPOJTHUX €KOCUCTEM Ta MPOTHOCTHUYHUX aJITOPUTMIB.



Jlexmis Ne 2

Tewma: [lousaTiitHUI amapaT Ta 3arajabHi TPUHIIMITA MOACTIOBAHHS 1 POTHO3YBaHHS CTaHY TOBKULIS.
Merta: Po3kputé 0COOMMBOCTI MOHATIAHOTO amapary Ta 3arajbHi TNPUHIMIM MOJETIOBAHHA 1
MIPOTHO3YBaHHS CTaHy JOBKIIIIS.
[Ipodeciiina copsimoBanicTh. Martepian Jekiii 3HAHOMUTH MaWOYTHIX CIEIIATICTIB EKOJIOTIB 13
0COOJMBOCTSIMH TOHATIHHOTO amapary Ta 3arajbHi NPUHLIUIHA MOJCTIOBAHHS 1 MPOTHO3YBaHHS CTaHy
JOBKUILIIS.

[Inan
3amavi HABYAIHHOT JUCIUILIIHU Ta 3B 30K 3 IHITMMH JTUCIUTUTIHAMHU.
[MonsTiiianii anapat. [TOHITTS «MOICITBY.
Knacudikamis moneneit.
[TOHATTS «IIPOTHO3» 1 KIIPOTHO3YBAHHS.
OcHOBHI 3aca i MAaTEMaTHYHOTO MOJICITIOBAHHS 1 IPOTHO3YBAHHS B €KOJIOT 1.

Tekct
1. 3agayi HaBYANBbHOI JUCHUINJIIHYU TA 3B’A30K 3 IHIIMMH AUCHUIJIIHAMM.

Merta BUBYEHHS OCBITHBOI KOMIIOHEHTH: ()OpMYBaHHS 3JIaTHOCTI pO3B’S3yBaTH CKJIAIHI
CHelliaji30BaHl 3ajadl Ta BUPIIYBaTH MPaKTU4HI mpoOiemMu y cdepl eKoJorii, OXOPOHH IOBKULISA 1
30a71aHCOBAHOTO TPHUPOJOKOPUCTYBaHHS, a00 y TIpoIeci HaBYaHHA, IO Mepeadadae 3acTOCyBaHHS
OCHOBHUX TeEOpid Ta METOMIB HayK IMpO JOBKULIA, Ta XapaKTepU3YIOThCA KOMILIEKCHICTIO 1
HEBU3HAYEHICTIO YMOB, JO ajanTarlii Ta Iii B HOBIA CHUTYyaIlli, OIIHIOBATH Ta 3a0e3leuyBaTH SKICTh
BUKOHYBaHHMX pOOIT, 10 OI[IHKH BIUIMBY IIPOIIECIB TEXHOTE€HE3Y HA CTaH HaBKOJIMIIHBOTO CEPEeIOBHUIIIA Ta
BUSIBJICHHS €KOJIOTIYHUX PU3HKIB, MOB’S3aHUX 3 BUPOOHWYOIO MIUIBHICTIO, 0 y4acTi B YIpaBJIiHHI
MPUPOJTOOXOPOHHUMH JISSIMH Ta EKOJIOTTYHHMH TPOSKTaMU; BUPOOJICHHS HABHUYOK BUKOPHCTAHHS
iHbOpMAIITHUX 1 KOMYHIKAIlIMHUX TEXHOJOTIH, (QOpMyBaHHS PO3YMIHHS OCHOBHHX TEOPETUYHHX
MT0JI0YKEHb, KOHIICTIIIN Ta MPUHIUITIB MATEMAaTHYHUX Ta COIIaIbHO-€KOHOMIYHUX HAYK.

OCHOBHHMMM 3aBAaHHSIMU BUBYEHHS OCBITHbO1 KOMIIOHEHTH €:

e (DhopMyBaHHS 34aTHOCTI PO3B’SI3yBaTH CKJIaAHI CIICIiai30BaHi 3aadl Ta BUPIIIYBATH MPAKTHYHI
npo6sieMu y cepi eKoJIorii, OXOpOHHU JOBKULIA 1 30aJTaHCOBAHOTO MPUPOIOKOPUCTYBAHHS

e ¢dopmyBaHHS 3MaTHOCTI IO aAanTarlii Ta /i B HOB1M cUTYyaIrii

e OIIIHIOBATH Ta 32a0€31e4YyBaTH SIKICTh BUKOHYBAaHHUX POOIT

® 10 OLIHKM BIUIMBY MPOIECIB TEXHOT'€HE3y Ha CTaH HABKOJIMIIHBOTO CEPEJOBHINA Ta BHUSIBICHHS
€KOJIOTTYHUX PU3HKIB

e JI0 y4yacTi B YIPaBJIiHHI IPUPOJOOXOPOHHUMH JISIMU Ta €KOJIOTTYHUMH MPOCKTaMHU

e BUPOOJICHHS HABUYOK BUKOPHUCTAHHS IHPOPMAIIHHUX 1 KOMYHIKAIIIHHUX TEXHOJIOT1i

e (opmyBaHHA pO3yMIHHS OCHOBHUX TEOPETUYHHMX IOJIOKEHb, KOHIENI[H Ta MPUHIUIIB

MaTeMaTHYHUX Ta COIIaIbHO-€KOHOMIYHUX HAYK

2. Ilonstiiinmii anmapat. [ToHATTS «MOACTBY.

Monens — 3aci0 3aMillieHHs peaabHOro 00'€KTa, BUKOPUCTOBYBAHUH I MOTO JOCITIKEHHS, KOJIN
HaTypaJIbHUNA EKCHEPUMEHT HEMOXIIMBUN, JOporui, HeOe3meuHuid, noBroTpuBanuii. B wmogemni
B1J100pa)KeH1 OCHOBHI 3HAYMMI BJIACTHBOCTI peabHOTO 00’ €KTA.

MogenoBaHHS — METOJl JOCTI/DKEHHS Ta TOSCHEHHs SBHII, MpoIeciB Ta cucreM (00’€KTiB—
OpUTiHAJIB) HA OCHOBI HOBUX 00’€KTIB — MAaTeMAaTUYHHUX MOJIEICH.

InTepnperanis — 1€ BCTAHOBJEHHS BIANOBILAHOCTI MDK JesKOO (POpManbHOIO Ta 3MICTOBHOIO
cucTeMaMmH. Y BHUIIQJKy, KOJU BCTAaHOBIIEHA B3a€MHO OJHO3HAYHA BIAMOBIIHICTE MDK elleMEHTaMU
¢dbopManbHOi Ta 3MICTOBHOI cUCTeM, (hopMmalibHA CHCTEMa BUSBISIETbCA MPUIATHOIO 10 3aCTOCYBaHHS
(IHTEpIPETOBAHOIO) B 3MICTOBHIN CUCTEMI.

[aTeprperallis BBaXKaeThCs MOBHOIO, SKIIO KOXXKHOMY €JeMEeHTY (hOpMalbHOI CUCTEMH BiJMOBIAAE
JesIKUi eneMeHT (IHTepIpeTaHT) 3MICTOBHOI CHUCTEMH. SIKIIO IS yMOBa MOPYIIYETHCS — Ma€ Micie
YacTKOBA IHTEpIIpeTaris

4. Knacudikamisa Moaeiei.
Konuenrvansaa Monens (1HbopMaThKa). VABIECHHS CVTHOCTEN Ta X B3a€EMO3B'SI3KIB
MatemaTtuyHa MO/IENb, OTIIC CUCTEMH 3 BUKOPUCTAHHSIM MaTeMAaTUYHUX MOHSITH 1 MOBU

koo



ExoHoMiYHA MOIIEIb. TEODETUYHA KOHCTDVKIIIS. 110 [IDEICTABIIAEC EKOHOMIUHI [IDOLIECH

CrarucTiyHa MOIEIb. MaTeMaTWYHA MOIEJb. KA 3a3BUYail BH3HAYAE 3B'I30K MDK OJHICIO a0
KUIBKOMA BUNIAIKOBUMU BEJIMYMHAMH Ta IHIIMUMHUA HEBUIIAIKOBUMU BEIUYNHAMUA

Mounens (CGI). maremaTH4He IIDEICTABIICHHS OVIb-IKO1 IMOBEPXHI 00'€KTa B TPhOX BHMIpax 3a
JIOTIOMOT' OO CIIEMIaIi30BaHOT0 IIDOIDAMHOTO0 3a0€e3IeUeHH S

Mounenp (norika). Habip pa3oM i3 HaOopoMm diHITApHUX oOIepalii i BH3HAYCHUX HAa HHOMY
BIJTHOIIIEHb. 110 3a10BOJIBHAIOTE 3aIaHIl KOJIEKIIIT aKCIOM

Monens (MVC), neHTpaibHUN KOMIIOHCHT IIA0JIOHY MPOrPaMHOr0 3a0e3MeUCHHS MOJICIIb-TIOTJIs -
KOHTPOJIED

CranmaptHa MoAeNb (HEOIHO3HAYHICTD)

MenudHa MOJIENTb — II€ 3aIPOTIOHOBAHUH «HAOIp MPOLEAYp, IKAM HaBUEHI BC1 JIIKapi»
[TOHSATTS «IIPOTHO3» 1 «IIPOTHO3YBAHHS.
5. OcHoBHI 3acajin MaTeMaTHYHOI0 MO/IEJTIIOBAHHA i MPOrHO3YBAHHS B €KOJIOTii.

3asaqi MOJIENIIOBAHHS:

— posmizHaBaHHA o0pa3iB (mepeabayeHHsi st 00'€kTa 3HAYEHHS JAESIKOI HOro IUIbOBOI
O3HAaKH, BUPAKEHOTO B IIIKaJIl HAIMEHYBaHb);

— perpecis (nepeadavyeHHs 3HAYSHHST YUCIOBOT O3HAKU IS 00'€KTa);

— JMHAMIYHE MPOTHO3YBaHHS 3HAUEHHS YMCIIOBOT O3HAKU 00'€KTa, 110 BUKOPHUCTOBYE YacOB1
BUMIPIOBAHHS 3HAUEHb I[i€1 K O3HAKH (aHaJi3 4YaCOBUX PSAIIB);

— aBTOMAaTHUYHE TPYMOBaHHS 00'€KTIB (KIAaCTEPHUI aHAII3).

PosnizHaBanHs 00pas3iB

Sx BiI3HAYANOCS BWINE, pealbHI TiIpo010ToridHI 00'€KTH BIAPIZHSAIOTHCS OJWH BT OJTHOTO
SIKHUMH-HEOYIb BIIACTUBOCTSIMH, aJIe B TOH )K€ Jac, 6araTto XTo 3 HUX BOJIOJIIOTH 1 JACSIKOIO CITUTBHICTIO, IO
JI03BOJISE TIOEAHYBATH O0'€KTH B KJIacH. Y MaTeMaTU4HIN JIITEpaTypl 4aCTO BUKOPUCTOBYETHCS TOTOXKHE
«KJIAaCOBI» TOHATTS «oOpa3za» 1 Oarato 3amady kiacudikaiii o0'egHani 3a Ha3Bow '"mpoOiemu
posmizHaBaHHs 00pa3iB". HalOuibIne Baaio 3MicT bOro TepMiHa CPOPMYITbOBAHUIN H.T". 3aropyiiko
[1972]:

«Ilim oOpazom OymeMO pO3yMiTH HalWMEHYBaHHS 00JacTi B TMPOCTOpPI O3HAK, Y SKIA
B1100pa)Ka€eThCs MHOXKHMHA 00'€KTIB 200 SIBUII peaTbHOTO CBITYY.

Kmacu exBiBaJieHTHOCTI 3 TOI a0o0 IHIIOI MIpOI0 OOIPYHTOBAHOCTI 3aJalOThCs CaMUM
JOCITITHUKOM, TOOTO pO3IISIAA€ThCs 3a1a4a "po3Mi3HaBaHHA 3 yuyuTeneM', o Bifpi3HsE ii BiJ] OMHCAHOTO
BHIIIE KJacTepHOro aHamizy. [Ipyu mpomy BUAUIAIOTECA camocTiiHil oaunui ("exk3emMiuisipu") oOpa3iB Ta
IPYIYIOTHCS Ha OCHOBI1 JESKMX 3MICTOBHUX IPEACTaBICHb a00 BUKOPUCTOBYETHCS 30BHIIIHS J10/1aTKOBA
iH(pOopMaIlis TPo MOIIOHICTH 1 PO3XOHKEHHS 00'€KTIB Y KOHTEKCT1 pO3B's3yBaHO1 3a1adi.

MHOXWHa aITOPUTMIB pO3Ii3HABaHHS 00pa3iB, MPH BCIi iXHIM HECX0KOCTI, METOJJUYHO OCHOBaHI
Ha OJIHIM rinoTesi:

- y BUKOPUCTOBYBAHOMY IIPOCTOpI O3HAKU BUMIPIOBAHHS Hajie)aTh OJHOMY Kjacy Ta
OJIM3BK1 MK CO0010,

- BUMIPIOBaHHS, 110 HAJIC)KATh PI3HUM KJIacaM JI00pe BIIPI3HAIOTHCS OJHE Bifl OJTHOTO

InenTudikamis piBHAHb perpecii

[Ipouenypu 6araTOMipHOTO CTAaTHCTUYHOTO aHaNi3y 3BOAATHCA N0 1IeHTHU(IKALI] MaTeMaTHYHUX
MOJIEJICH, 10 BiIOOpaKar0Th CTaH 00'€KTA.

InenTudikamis — me:

1. TIlpomuec BinHOBIEHHS (QPyHKIII] yMOBHOTO MAaTEeMAaTHYHOTO YEKAHHS 3MOJIENIbOBAHOT (PyHKIIIT
o0'ekta Y Ha ocHOBI 1i mepeabauyBaHOi CTOXaCTUYHOIO 3B'SI3Ky 3 HaOOpOM O3HaK (I 3ajadi
MHO>KHHHOT perpecii);

2.  @®opmyBaHHS OCHOBHHUX INpaBWi abo0 MOpIBHAHHS oOpa3a 00'ekTa 3 HabopoMm 00pasiB, 11O
BKE€ MAIOThCS B cUCTeMI iieHTUdIKaIii (U1 3a7a4i po3Mi3HaBaHHs 00pas3iB).

3amava igeHTUdIKalii pIBHAHb perpecii B NPHUKIAJHOMY 3MICTI 3BOJUTHCA JIO PO3pPaxyHKY 1
HACTYIHOTO aHajiizy mogneni (2.5), To6To 0 BU3HAYEHHS KOMIUJIEKCY IH(QOPMATUBHUX 3MIHHHX, IIO
Hallkpalle MOsSCHIOITh ICHYIOYl 3aKOHOMIPHOCTI (CTPYKTypHa ileHTH]ikaiig), miadopy ONTHMaIbHHUX
KoeillieHTIB piBHAHHA a00 OKPEMHUX BHpa3iB Ul CKJIAJOBUX KOMIIOHEHT (YMcelbHa 1 (yHKIIOHAJIbHA
imenTudikaris).

Ns Nu



=1 j=1
ne: Asi M Ayj — 3HAMIEHI KOeIIEHTH CTATUCTUYHOI MOJIET, [3 — BUIBHHIA YICH.

Bynp-sxe Timpo06iosoTidHe cepeIoBHINE SBISE COO0I0 BEMKHMA, CKIQIHUMN, CIIA0KO JIeTepPMIHOBAHHUN
00'€eKT JOCTIKEHHS, MO EBOJIONIOHYE. TOMy, SK IMOKa3ye MpaKTHKa, MPHUITYIIEHHS IMPO JIHIHHICTH
anpokcumyrouoi ¢pyHkuii (2.5), sk npaBuiio, mo3odasieHi miarpyata. Teopis camoopranizamii Moaenei
MOKa3ye, M0 BEIUYE3Ha OUIBIIICTH MPOIECIB y MPHPOJi MOXe OyTH OomMcaHa, HANpPUKIAl, Y BUTISAL
MOJIIHOMIB BUCOKOTO CTYIICHSI, IO € YAaCTKOIO CIy4aeMO y3araibHeHoro noJjiinoma Kommoroposa—I"aGopa:

n n n n n n
y=ay+ Za,—x,— + ZZaiajx,-xj + ZZZaiajakx,—xjxk +...
i=1 i=1 j=1 i=1 j=1 k=1

Ywucno wieHiB MOBHOTO TMOJIIHOMA JIOPIBHIOE C;fﬁq , Ie M — YHUCIJIO 3MIHHUX, (| — CTYIIHb MMOJIIHOMA,
1 Bxke mnpu n=q=7 pocsarae 3600. Tomy OcCHOBHa 3ajaya MOJICIIOBAHHS CKJIQJHUX CHCTEM 3
BUKOPUCTAHHSIM PETrpeCciiHUX PIBHAHb IOJIATAE B TOMY , HI00 BUKIIOYUTH B TOJIHOMI MiJIMHOXKHHY
"3aiiBux" HeiHPopMaTUBHUX KOe(]IiEHTIB 1 30eperTn HEOOX1AHE 1 JOCTATHE CIOJYYCHHS "TOSCHIOIOYNX
ywieHiB". CKJIaJHICTh CHHTE30BaHOT Mojeni Oyae ONTUMAabHOIO, SKIIO HEoOXigHa aJIeKBaTHICTh
3a0e3neuyeThesl IpU MIHIMANBHIA KUIBKOCT1 CKJIaI0BUX 1i e1eMeHTiB [Dmbou, 1959].

Jliia peanizaiiii 1MX yMOB HEOOX1AHUI HAOIp aNTOPUTMIB 1 METO/IIB MOOYIOBU PISHUX EMITIPUUHUX
Mozenel mporuo3yBaHHs (2.5), sikuil Ou 3aJJOBOJILHIB HACTYITHUM YMOBAaM:

— JIOCUTh BHUCOKa OOYHMCITIOBAJIbHA €(PEKTHUBHICTH, IO JI03BOJISIE OJIEPKATH Tpale3aTHi MOJCHII MpH
PO3YMHHUX PECypCHUX BUTpPATaX;

— BIJICYTHICTh BU3HAUAJBLHUX 0OMEXEHb Ha (DYHKITIFO PO3MOILTY JTaHUX;

— 3a0e3MmeyeHHs] MOKJIMBOCTI OOpOOKM DPI3HOTHITHUX EKCIIEPUMEHTAIBLHUX MaHUX (0e3 3BEJCHHS BCIX
O3HaK JI0 OJIHI€T IIKaIK) 1 IHBApIaHTHICTH J0 MPHUITYCTUMHX MTEPETBOPEHB IIIKAJ 03HAK;

— poOacCHICTh 1 TEXHOJOTIYHICTh MPU HASIBHOCTI MPOIMYCKIB Y TAOJHII, a TAKOXK y BUIAJIKY, SIKIIIO YUCIIO
BUMIPIOBAaHUX O3HAK N 3HAYHO MEPEBUILYE YUCIO 00'€KTIB m;

— MPOCTOTA OJICP)KAaHHS pe3ybTaTy i IHBApiaHTHICTh A0 KOHKPETHOT Mpo0IeMHOT 001acTi.

Y mMx ymMoBax METOIM TPAIULIMHOI mapaMeTpuyHOI CTAaTHUCTUKH HE 3aBXIU MOXKYTh OyTH
mpare3/iaTHi, OCKUIbKM BHUMAararoTh a00 BIIYYTHOTO OOCATY BHUXIJHUX JTAaHUX, a00 JCSIKUX MPUITYIIECHb
npo BUMIA (QyHKIIN po3noauty. BusHaueHy anbTepHaTHBY iM CKJIaJal0Th aJrOPUTMH PO3Mi3HABAHHS
o0pas3iB.

Jlekuist Ne 3

Tema: CraTHCTUYHI METOM MOJICJIIOBAHHS 1 IPOTHO3YBAHHS CTaHY JOBKULIS
Mera: Po3kputu 0co0IMBOCTI CTATUCTUYHUX METO/(IB MOJIEIIFOBAHHS 1 IPOrHO3YBAHHS CTaHy JOBKULIS
[Ipodeciiina copsmoBanicTe. Matepian Jnekuii 3HaHOMHUTH MaWOYTHIX CIEHIaliCTIB €KOJIOTIB i3
0COOJIMBOCTAMM CTATUCTUYHUX METO(IB MOJEIIOBAHHS 1 IPOTHO3YBAaHHS CTaHY JOBKULIA
[Tnan

1. 3wminHa BennumHa 1 QpyHkuis. EnementapHi QyHkii.

2. JlinifiHa QyHKIIOHaNbHA 3a1eXHICTh. [IpsiMa 1 06epHEeHa MPONOPLIOHATbHI 3aTE€KHOCTI.

3. JpoOoBo-iniHiiiHa (yHKIiA

4. . CreneHeBa (hyHKIIs.

5. Tloxa3nukosa i jorapu@midHa QyHKIIIi.

6. TpuroHomerpuuHi GyHKIIT

7. . IloGynoBa emmipuuHUX (GOPMYIT, METO]] HAHMEHIINX KBAJpAaTiB.

Teker
1. 3minna BesimuuHa i pynkuis. Enemenrapui ¢pynkuii.



VY maremaruii eneMeHTapHa QYHKIS — 1e QyHKIiS OfHiel 3MIHHOI (K MpaBHJIO, AilicHOT abo
KOMIUIEKCHOT), sIKa BM3HAYA€THCS SIK OTPUMAHHS CyM, JOOYTKIB 1 KOMITO3UIIi CKIHYEHHOT KUTBbKOCTI
MOJIIHOMIB, ~ pamioHAJIbHUX, TPUTOHOMETPUYHHUX, TiNmepOOJIYHUX 1 EKCIOHCHUIHHUX  (QYHKIIH,
BKJTIOYAI0YH, MOXKITUBO, 1X 0OepHeHi ¢yHKii. (Hanpukian, arcsin, log abo x1/n).

Jlxozed JliyBine BBiB enemeHTapHi QyHKuii B cepii crateit 3 1833 mo 1841 pik. Ixo3ep Denc
Pirt mouaB anredpaiuny oOpoOKy enemeHTapHuX QyHKIIH ¥ 1930-X pokax

Bynp-ska eneMeHTapHa (QYHKIS € HENepepBHOIO 1 AuQEpeHIiHOBaHOK Yy CBOIiM o0macti
Bu3HayeHHA. [loximHa ememeHTapHOi (YHKIIT TakoX € eleMeHTapHOI (QYHKIi€0. 3 iHIIOro OOKY,
oOepHeHa (yHKIIisI Ta IepBicHA eleMeHTapHO1 QYHKI[IT MOKe He OyTH eTeMEHTapHO0 (DYHKIII€TO.

2. Jliniitna ¢pyHkuionaabHa 3ajexHicTs. [IpsiMa i o0epHeHa nponopuioHaJbHi 3a/1€KHOCTI.

Y oOumcneHHI Ta CyMDKHUX OOJIACTSX MaTeMaTUKH JiHiIMHA (YHKIS Bin JIHCHUX YUCEN 0
niicHux — e QyHkuis, rpadikom skoi (y JEKapTOBUX KOOpAMHATAaX) € HEeBepTUKaJbHA JIHIS Ha
IIouMHI. XapakTepHa BJIACTUBICTh JIHIMHUX (QYHKIIN HOJArae B TOMY, IO MPH 3MiHI BX1IHOT 3MIHHO1
3MiHa Ha BUXO/I1 TPOTIOPIIiiHA 3MIH1 BXITHUX JaHUX.

flz) =az +b

JliniiiH1 QyHKUIT MOB’A3aH1 3 TIHIMHUMHU PIBHSHHSAMU.

 y-intercept

(slanted) line
41
Graph of the linear function: &4
ylz) = —x + 2

3a ngomoMororo JiHIMHOT QYHKIIT MU MOXEMO BH3HAYaTH SK MIHSETbCS IMOKAa3HUK OJHOTO 13
(hakTOpiB CUCTEMH i3 3MIHOIO 1HIIIOTO

A /

Ay




SIKIO MOKa3HHWK 3aJeKHOTO (hakTopa 3HIKYeThes a koedimieHT a<(, TO Taka 3aleXKHICTh
HA3MBAETbCA OOEPHEHOI0 JiHIHHOI0. SIKIIO MOKa3HUK 3pocTae, mpu IpoMy a>0, To 1e mpsMa JiHiiHa
3aJIeKHICTh

3. ApoboBo-JiHiiiHa (pyHKIIis.
HpoOoBo-niHiiiHa (yHKIsS - 11e unciioBa (GYHKIlSA, sKa MOKE€ OyTH TpEACTaBICHA y BHIJISII
Ipo0y, YUCETHLHUKOM 1 3HAMEHHUKOM SIKOTO € JIIHIHHI (QYHKIII1.

ayz) +aszs + o+ apz, +b
121 +CazZy + -+ Chzy +d

f{zlazia- . . :zn-,} =

Hpo6oBo-niHiiiHa (yHKIiA, M0 BimoOpa)xkae B 3araJlbHOMYy BHUMAJAKy OararoBUMIpHE YHCIIOBE
MPOCTIP B OJJHOBUMIPHE YHCIIOBE, € BAYKJIMBUM OKPEMHM BHUIIAIKOM:

mpu n = 1 SK B pPEYOBHMHHOMY, TaK 1 KOMIUIEKCHOMY IMPOCTOpPi - palioHanbHO1 (YHKIi, 110
BioOpakae B 3araJlbHOMY BHUIMAJKYy OJHOBHMIPHE YHCIIOBE MPOCTIp caMme 3a JOTIOMOTOI0 OaratodieHiB
OJIHOTO 3MIHHOTO JIOBUTBHOTO CTYTICHS;

npu n = 1 B KOMIUIEKCHOMY HPOCTOPI - JPOOHO-JIIHIMHOTO MEpeTBOPEHHs, L0 BigoOpaxkae B
3aralbHOMY BHIAJIKy OaraToBUMipHE KOMIUIEKCHE IPOCTIp came B co0i;

opu n = 1 y kommiaekcHomy i mpu {\displaystyle n=2}n = 2 y pe4oBHHHOMY MPOCTOPI,
IHBEpPTYIOUH I110/10 KiJI, - mepeTBopeHHs Mebiyca.
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4. CreneneBa pyHKIList

IIII. ( ) = X }.'I |II |I|I..:I_.".I
h(x) = x° |
p(x) = x°

CreneneBa ¢yukitis — ¢yukiis Burisaay f(X)=x%, me a — noka3HHK CTENeH0, AICHE YHCIIO.

g/
k(x) = x*
g (x) = x*
q(x) = x°
FPower functions forn = 2,4, 6 &
1.0
0.9}t
og} X2
. w4
0.7}
0.6 X2
0.5 X
0.4} xZ
0.3 wd
0.2 X
0.1 ]
0.0 . - N —
0.0 0.1 0.2 0.3 0.4 0506 0.7 0.8 0.9 1.0

From top to bottom: xV8, x14 x12 x1 32 y* x5

&



5. lloka3znukoBa i Jorapudpmiuna GpyHkuii.

[loka3HHKOBA, a00 eKcroHeHIiiiHa (yHKmis — Qyskumis Bumy f(X)= 8%, ge a — crame 4YnCIO
(tonatHe, aje BiIMiHHE Bil OAMHHUII). Y NIHCHOMY BHIIAJKy OCHOBA CTENEHS — JEsKe J0JaTHE JIilicHe
YHCIIO0, a apryMEeHTOM (QYHKIIII € AilicHui Toka3HUK creneHs. [loka3HukoBa (yHKINiS y3araibHIOETHCS B
Teopii KOMIUIEKCHHX (YHKIif, /1€ apryMeHT 1 TIOKa3HHMK CTENeHS MOXYTh OYyTH JIOBUIBHUMH
KOMIUIEKCHUMH YuCiIaMu. Y HaWsaraipHimomy Burisiai UY, BeemeHa JleiOninem 1695 poky. Oco6inBo
BUJUISETECSA BHIIAJOK, KOJHM SIK OCHOBA CTENEHs BHUCTymae uyucino €. Taka (yHKIS Ha3HBaeThCsS
eKCTIOHEHTOIO (JIHICHOI0 400 KOMIUIEKCHOIO).

(1.e)

- ] k] - 4 | i 3 1 d |

[Mok3a3HWEDEa PYHELIA i = et o

ExcnionenTa ¢ynkitis exp(X)=e*, me e — ocHOBa HaTypajbHOTO Jjorapudma(e=2.718281828459
yucio Einepa).

ExcrnioHeHTa € BU3HA4YeHOIO Ha BCi MilicHIA oci. BoHa ycroam 3poctae i € OUIBIIOIO 3a HYJIb.
3BopoTHOIO  (QYHKIIEO 10 Hei € HaTypaiabHui Jorapudm. ExcroHeHTa €  HECKIHYCHHO
mudepeHIIHOBaHOO. [1 moxinma B TOUI HYJIb TOPIBHIOE «1», TOMY JOTHYHA B Iid TOYIll IPOXOJAUTH ITiJT
kyrom 45°. OcHoBHa (yHKI[IOHAIbHA BIACTHBICTH ekcroHeHTH: eXp(a+b)=exp(a)exp(b). Hemepepsua
(hyHKIIIS 3 TAKOIO BJIACTHBICTIO @00 TOTOXKHO AOpiBHIOE (), a00 Mae BUI — JIesKa CTaJa.




Jlorapudm, abo soraputm, (Bix rpei. Adyog — «CIOBO», i rpell. AplOudg — «IHCI0») — YUCIIO X
(TIOKa3HUK CTEIMEHs, CTEIiHb), SIKE MOKa3ye, M0 SKOTO CTEMeHs CIiJ MiJHeCTH 4Huciio a (OCHOBY), 100
oJIepKaTH YHcIo D.

Logab=x

OcHOBHa JorapudMidHa TOTOXKHICTB: a*=h a6o a'%%%=h, ne a>0, b>0, a# 1.

Jlorapudmu BBiB JIxon Henep na nouarky XVII cTomiTTs sk 3aci6 CrpomieHHs po3paxyHKiB. 1x
IIBUJIKO MOYAJIM 3aCTOCOBYBATH HAYKOBIII Ta IH)KCHEPH ISl MPUIIBUANICHHS BHKOHAHHS OOYMCIICHB 13

3aCTOCYBAaHHSM JIOTapU(PMIYHUX JIHIHOK 1 Tabmuip jgorapudmis. Jlorapudm 103BOJISE TPUCKOPUTH
MHO>KEHHSI 0araTo3Ha4HMX YKCeN HUISIXOM CKJIAJaHHs IXHIX JOorapuQMmiB.

y =log, (x)

Mpadik dyHELi log5(X) NPOXOANTL Yepes TNk 3 &
koopauHatamu (1, 00; (2, 13; (4, 2); (8, 3).

log,(2) = 1, Tomy wo 21 =2,

log,(4) = 2, Tomy wo 22 = 4,

log,(8) = 3, Tomy wo 2° = 3

BnactuBocti norapudmis

DopMyna Mpuknag
Oodytok | log, (zy) = log, = + log, vy | logy 243 = log, (9-27) =logy 9 + logy 27 =243 =5

G 1
YacTka logm(%) =log, x —log, u lg(m) =1gl—1gl000=0—-3= -3

CteniHe | log, ¥ = plog, = log, 64 = log, 2° = 6log, 2 = 6

1 1 3
Kopiub | log, /= » log, = lg /1000 = 5 lg 1000 = > = 1,5



Harypanbuuii norapudm — 11e orapudm i3 OCHOBOKO Y BUTJISAII €KCIIOHCHTH.

6. TpuronomerpuyHi QpyHKii.

TpuronomerpuyHi QyHKIil — GyHKIIT KyTa. BoHM MOXyTh OyTH BU3HAUYEH1 SIK BITHOILIEHHS JIBOX
CTOpIH Ta KyTa TPUKYTHHKa a00 SK BIAHOUIEHHS KOOPAMHAT TOUOK KOJy. BimirpaioTh BaXxIMBY poJib MPU
JOCHIDKEHH] TeploguyHux (yHKIi Ta Oarathox o00'ekTiB. Hampukiaa, mpu HOCIUDKEHHI PSIIB,

nudepeHITiaTbHUX PIBHIHB.

HaBenemo mricte 0a30BUX TpUTOHOMETpUYHHMX (GYHKIINA. OCTaHHI YOTUPU BU3HAYAIOTHCS Yepes
niepii 1Bi. [HaKkiIe Kaky4du, BOHU € 03HAYCHHIMH, a YU HE CAMOCTIHHUMU CYTHOCTSIMH.

CHMHYC (5in );

HOCHUHYC (COS ¥ );

i o .

COS )

COKE 0Y .
sin o )

Y

cos o U

TaHreHe (tga =

KoTaHreHc (ctga =

CeKaHC (sec o —

HOCBKAHC (COsSeC a =

|3

SN o
I'padiyno TpuroHoMmerpuuHi GyHKIIT OB’ sI3aH1 13 00epTaHHAM KOJia
F K
exC .
A
G L
Sir
arc
A8

BHIHAYEHHA TPUIOHOMETPHYHWY DYHELIR Ha
OOMHUYHOMY KOMi.

|
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sine
cosine
tangent

oosacant T
sacant U
Ccangent —UTcT

7. IlooynoBa emmipuuHux GopmyJi, MeTO] HAMEHIIIUX KBAJPATiB.

Meto HaliMEHIIMX KBaJIpaTiB — METOJ 3HAXO/KEHHS HaOIMKEHOTO PO3B'A3KY HAUIMIIKOBO-
BH3HaueHOT cucTteMu. YacTo 3aCTOCOBYETHhCS y perpeciiHoMmy aHamizi. Ha mnpakrtuimi Haidacrime
BUKOPHUCTOBYETHCS JIIHIMHUA METOJ HAWMEHIIMX KBaJpaTiB, IO BUKOPHUCTOBYETHCS y pa3i CHUCTEMHU
JMIHIHHUX PIBHSIHB. 30KpeMa BaXXJIMBUM 3aCTOCYBaHHSIM Yy IIbOMY BHUIAJKy € OIIHKAa TapaMeTpiB y
JIHIAHIA perpecii, 1o MHUPOKO 3aCTOCOBYETHCSA Y MaTEMAaTUYHIN CTaTUCTHUII Ta EKOHOMETPHIILL.

Jlekuis Ne 4
Tema: MareMaTuyHa CTaTUCTHUKA.
Mera: Po3kpuTi 0COOIMBOCTI MaTeMaTHM4YHOI CTaTUCTHUKAa B MOJIENIOBaHHI Ta IPOTHO3YBAaHHI CTaHy
TOBKULIA.
[Ipodeciiina cnpsmoBaHicTh. Matepian Jekiii 3HAHOMHTh MaHOYTHIX CHEIIaTICTIB EKOJIOTIB 13
0COOJIMBOCTAMHM MAaTEMAaTUYHOT CTATUCTUKA B MOJIEJIIOBAHH1 Ta IIPOTHO3YBaHH1 CTaHy JOBKULIS.
[Lnan
1. Perpeciiini moaeni.
2. Awnami3 i MOJICTFOBaHHS YaCOBHX PSIKIB.
3. IlporHosyBaHHS Ha OCHOBI perpeciiiHol MOJieli Ta MOJIeIli YaCOBOTO Py
Tekcr

1. Perpeciiini moaeti.

VY craTucTulli JiHIHA perpecis — I MeTOJT MOJIEIIOBAaHHS 3aJIEXKHOCTI MDK CKaJISIpPHOIO 3MIHHOIO y Ta
BEKTOPHOIO (y 3arajJbHOMY BHUMAJKY) 3MiHHOIO X. Y pasi, SKII0 3MiHHAa X TaKOX € CKaJIsIpOM, PErpecito
Ha3UBaIOTh MPOCTOIO.

IIpu BukopuCTaHHI JiHIHHOT perpecii B3a€MO3B'AI30K MDK JaHUMHU MOJETIOETHCS 3a JJONOMOTOIO
TiHIMHUX QYHKIIH, 2 HEB1IOMI TapaMeTpH MOJeNi OIIHIOITHCS 3a BXIMHUMU JaHuMH. [ToniOHO 10 iHIITNX
METOJIB perpeciiHoro aHaji3y JiHiiiHa perpecii NOBEpTa€ pO3MOJILI YMOBHOI IMOBIPHOCTI y B
3ajexHOCTI Big X, a HE pO3MOAUT CHUIbHOI IMOBIpHOCTI y Ta X, IIO CTOCYeTbCcS O00JAcTi
MYJIbTHBAPIATUBHOTO aHAMTI3Y.

IIpu po3paxyHkax mapaMeTpiB MoJieNi JTiHIHHOT perpecii 3a3Bu4ail 3aCTOCOBYETbCS METOJT HAIMEHIIINX
kBagpatiB (MHK), ane Takox MOXyTb OyTH BHMKOpPHMCTaHI IHIII METOAM. AJle METOJ HalMEHIIHX



KBaJ[paTiB MOKe OyTH BUKOPUCTAHUH 1 U151 HeNiHiitHNX Moaeneid, Tomy MHK Ta miniitHa perpecis, Xo4 i €
TICHO MOB'I3aHUMH, aJie HE € CHHOHIMaMHU.

20 10 | 10 20 30 40 50 60

Mpuknag npocToi NiKIAHOT perpecii 3 OHIED He3aneXHoWw 3MiHHow &

0 - . .
T (N
()
1
-2 -1 0 1 2

2. AHaJi3 i MOo/Ie/TIOBaHHS YaCOBHUX PAJKIB.

AHaiti3 4acoBUX psIiB — CYKYIHICTh MaTeMaTHKO-CTaTUCTHYHUX METOJIB aHAIi3y, MPU3HAYCHHUX IS
BUSIBJICHHSI CTPYKTYpU YacOBHMX psAiB 1 Ais iX mporHo3yBaHHs. Croau HajexaTb, 30KpeMa, METOJU
perpeciiiHoro anamnizy. BusiBIeHHS CTPYKTypHU 4acoBOTO pPsiy HEOOXiOHO IS TOTO, o0 moOyayBaTu
MaTeMaTU4YHy MOJIENIb TOTO SBUIIA, SIKE € JDKEPETIOM aHaTi30BaHOTO 4acoBoro psny. [IporHos maiOyTHiX
3HA4YEHb YaCOBOTO Ps/1y BUKOPUCTOBYETHCS ISl €(DEKTHBHOTO MPUHHSTTS PIllICHb.

IcHytoTb 1BiI OCHOBHI MeTH aHalidy dYacoBux psafiB: (1) Bu3HaueHHs mnpupoau paxy 1 (2)
IIPOrHO3yBaHHS (MPOPOKYBaHHA MAaHOyTHIX 3HAu€Hb YacOBOTO pAAYy MO TeNepiliHiM 1 MUHYJIUM
3HadeHHsAM). OOMIBI Ii LUl BUMararThb, 00 MoJenb psany Oyna igeHTH]IKOBaHA 1, OLIbII-MEHI,
¢dopmanibHO omucaHa. SIK TUIBKM MOJIENIb BM3HA4Y€Ha, BM MOXKETE 3 ii JOMOMOIOI0 IHTEpHpeTyBaTH
IpeJCTaBieH] JaH1 (HapuKiaa, BUKOPUCTOBYBATHU Y Ballliil Teopii U1l pO3yMIHHS CE30HHOI 3MIHU I[iH Ha
TOBApH, SKIIO 3aiiMaeTecss eKOHOMIKOI0). He 3BepTatoun yBaru Ha rIMOMHY PO3YMIHHS 1 CIIPAaBEAIUBICTD
Teopii, BU MOKETE €KCTPAIOJIIOBATU TMOTIM PsiJ HA OCHOBI 3HAWJEHOI MOJeli, TOOTO mepeadayuTu oro
MaiiOyTHI 3HAYEHHS.

YacoBi psaM JOCHIKYIOTBCS 3 PI3BHMMH LUIAMHA. B ogHOMY psini Bumaakax OyBae JOCTaTHbO
OTPUMATH OMHC XapaKTePHUX OCOOJMBOCTEH psAy, a B IHIIOMY psAi BUIAJAKIB MOTPIOHE HE TUIBKH
nepeadadyaTd MailOyTHI 3HAYEHHS YacOBOTO psdy, a W yNpaBJATH HOro MOBENIHKOI0. MeToJ aHami3y



YacoBOTO psily BHU3HAYAETHCS, 3 OIHOTO OOKy, IUIAMH aHami3y, a 3 IHImOro OOKy, HMOBIpHICHOI
pUpoI0t0 (GopMyBaHHS HOTO 3HAUCHD.

HalinomupeHimi MeToIu aHalli3y 4acoBUX PSIB:

CrnexTpanbHUN aHaJi3 — J103BOJISIE 3HAXOJUTH NEPIOIUUHI CKIIA0B1 YaCOBOTO PALY.

Kopensimilinuii aHamia — J03BOJISIE 3HAXOAWTH CYTTEBI MEpIOTUYHI 3aJIeKHOCTI 1 BIAMOBIAHI 1M
3aTpuMKH (JIarM) SIK BCEPEIUHI OJHOTO psimy (aBTOKOpPEJIis), Tak 1 MDK KUTbKOMa psaaMu.
(Kpockopemnsii).

Mogeni aBToperpecii i KOB3HOTO CEpeIHBOTO — MOJENi OpIEHTOBaHI Ha OMHUC TPOIECIB, MIO
BUSIBIISIIOTH OJHOPIJHI KOJIMBAaHHS, MOPYIIYBaHI BHUIIAJKOBHUMH BIUIMBaMH. Jl03BONSIIOTH mepeadadaTH
MaiOyTHI 3HAYCHHS PSY.

BbararokananpHi MOgeni aBTOperpecii i KOB3HOTO CEpEIHBOTO — MOJIEN 3aCTOCOBYIOTHCS B THX
BUIIAJIKaX, KOJIM € KUIbKAa KOPEJIbOBAHUX MK COOO0 YacOBHX PsiiB. Y HHMX € KOJMBAHHS, MOPYIIyBaHI
OJIHI€I0 MPUUKHOI0. [03BOJISIOTE NepedavyaTu MailOyTHI 3HAUCHHS PSITY.

Ce3onHa mogenb bokca-J/{eHKIHCa — 3aCTOCOBYETHCS, KOJIM YaCOBUH Psii MICTUTh SIBHO BUPAXKEHHM
JMIHIAHUNA TpeHJ 1 ce30HH1 ckianoBi. [lo3Bomnsie mependavatu MaitOyTH1 3HaYeHHs psay. Moaens Oyna
3ampoIOHOBAHA Yy 3B'SI3KY 3 aHAII30M aBiarepeBe3eHb.

[IporHo3 excroHeHIianbHO 3BaKEHUM KOB3al0UMM CEpEHIM — HAWUIpPOCTIIa MOJAEb IPOrHO3YBAaHHS
4acoBOT'O psiy. 3aCTOCOBHA B 0araThb0X BUIAJKaX. Y TOMY UYHMCII, OXOIUIIOE MOJIENb LIHOYTBOPEHHS Ha
OCHOBI BHUIIaJIKOBHUX OJIYKaHb.

3a3Bu4ail mpy MPaKTUYHOMY aHai31 YaCOBUX PSJIIB MOCIIJOBHO MPOXOIATh TaKi €TaIH:

I'padiyne mogaHHs 1 ONKUC MOBEIIHKU YaCOBOTO PAAY.

e BumineHHs Ta BUAAJICHHS 3aKOHOMIPHHMX CKJIaJJOBHX YacOBOTO Psy, IO 3ajleXaTh BiXl dacy:
TPEH]1a, CE30HHUX 1 HUKJITYHUX CKJIaI0BUX.

e BuauieHHs Ta BUJAICHHS HU3bKO- 400 BUCOKOYACTOTHUX CKJIQJ0BUX Iporiecy ((piuabTparis).

e JIOCHDKEHHS BHIAJKOBOI CKJIAZIOBOI 4YacOBOTO psdy, L0 3aJMIIMIACS MICHs BHUAAIECHHS
NepPEepPaxOBaHUX BUIIE CKIIA0BHX.

e JloOynoBa (mimbip) MaTeMaTHYHOT MOJENI Ui OMHCY BHMAJKOBOI CKJIaJ0BOi 1 mepeBipka ii
aIeKBATHOCTI.

3. IIporno3yBaHHsl Ha OCHOBI perpeciiiHoi Mo/eJIi Ta Mo/IeJIi 4acoBOTo Psiay

IIporuo3yBaHHs Maif0yTHBOTO PO3BUTKY MPOLIECY, IPEACTABIEHOTO YaCOBUM PSAJIOM.

SAx 1 OubHIICTh IHIIMX BHUIIB aHATI3y, aHaji3 YacOBHX pAMIB Iepeadadae, 10 JaHi MICTATh
CHUCTEMAaTUYHY CKJIQJ0BY (3a3BHYail BKIIIOUAE KUTbKa KOMIIOHEHT) 1 BUITAJKOBHUI IIyM (IMIOMUIIKY), STKHMA
YCKJIQJHIOE BUSBJICHHS DErYIAPHUX KOMIIOHEHT. BUIbIIICTP METONMIB JOCHIIKEHHS 4YacOBHX psIIB
BKJIFOYAE Pi3HI cOco0u (QuIbTpallii mymy, 1mo J03BOJISIOTh MOOAYNUTH PETYISPHY CKIA0BY OLIBII YIiTKO.

YacoBuii psig — 1€ MOCIIIOBHICTh BIOPSAJKOBAHUX Y Yacl YMCIOBHUX IMOKA3HUKIB, 1110 XapaKTEePU3YIOTh
pIBEHB CTaHy 1 3MiHU AOCTIKYBAHOTO SBHIIA.

Besikuit yacoBuil paa BKiIrOYae 1Ba 000B'SI3KOBUX €JE€MEHTA: MO-Ieplle, yac 1, Ho-Apyre, KOHKpETHE
3HAa4YeHHs NIOKa3HMKa, a00 piBEHb psNy.

YacoBi psau po3pi3HAIOTHCS 3a TaKUMHM O3HAKaMu: 1) 3a YacoM — MOMEHTHI Ta IHTEpPBaJIbHI.
[HTepBanbHuUil pag — MOCHIIOBHICTD, B SIKii pIBEHb SIBUIIIA BITHOCSTH JI0 pe3yabTaTy, HAKOMMYEeHOMY abo
3HOBY BHUpPOOJICHOMY 3a MEBHHMM iHTepBan uacy. Taki, Hampukiaj, Taki pAIud TMOKa3HUKIB 0OCATY
IOPOAYKIT MIJNPUEMCTBA MO MICAISX POKY, KUIBKOCTI BIANpPallbOBaHUX JIIOJUHOIO JIHIB MO OKPEMHUX
nepiofax (Micsusx, KBapTanax, MIBpIUYSAX, POKaxX, TOLIO) 1 T. A. SIKIIO X pIBEHb Psly XapaKTepusye
JOCII/DKYBaHe SBUIIE B KOHKPETHUI MOMEHT 4acy, TO CYKYNHICTb piBHIB ()OpMYye MOMEHTHHUH PAI.

HaiiBa)xMBilIOI0 YMOBOIO MPaBUJIBHOTO (DOPMYBAHHS YacOBUX DsIIB € MOPIBHSHHICTH PIBHIB, IO
YTBOPIOIOTH psifl. PiBHI psdy, 110 MiAIAralOTh BUBYEHHIO, NMOBUHHI OYTH OJHOPIIHI 32 €KOHOMIYHUM
3MICTOM 1 BpaxOBYBAaTU CYTHICTb JOCTI[DKYBAaHHOTO SIBUILA 1 HOTO METY.

CraTucTH4HI JaHi, MPEACTaBJIeH] y BUTIIAAI YaCOBUX PsJiB, MOBUHHI OyTH MOPIBHSAHI IO TEPUTOPII,
KOJIy OXOIUTIOBAaHMX OO'€KTIB, OJMHUIIX BUMIPIOBAHHS, MOMEHTY peecTpallii, METOJUKOIO0 PO3paxyHKY,
[[iHAMU, IOCTOBIPHOCTI.



Jlexuis Ne 5
Tema: MaremaTruHi MOZET1 Pi3HUX PIBHIB OpraHizaiii )KMBHUX CUCTEM
Merta: Po3kputu 0coOIMBOCTI MaTeMaTUYHUX MOJIENIEH JJIsl PI3HUX PIBHIB OpraHi3aiii )KUBUX CHCTEM.
[Ipodeciiina copsimoBanicTh. Martepian Jekiii 3HAHOMHUTH MaWOYTHIX CIEIIATICTIB EKOJIOTIB 13
0COOJIMBOCTIMH MAaTEMAaTUYHUX MOJIEJIEH IS pI3HUX PIBHIB OpraHizaiii )KMBHX CHCTEM
[Inan
1. PiBHi opraHi3arii >KUTTs.
Tekct
1. PiBHi opraHi3arii >XUTTs.

Mu Moxemo moOyryBaTh KiTbKa i€epapXivyHuUX JIiHIH, sKi 3’€IHAIOTh OUTBIIICTH PIBHIB OpraHizaiii
Bcecairy i3 TMH, sIKi € 00’ €KTOM BUBYCHHS eKocHUcTeModorii. Llst iepapxist MaTuMe Takuii BUTIISI

1) kBapku, JeNTOHU, 0030HU, POTOHH, TJIFOOHU;

2) cy0aTOMH1 YaCTOYKH;

3) spa aToMiB;

4) atomu;

5) MoneKynu;

6) MOJIEKYJIAPH1 KOMIUIEKCH;

7) xmiTHHA (CaMOCTINHI Ta HECaMOCTITH1) 200 HEeKJIITUHHI Opra”i3Mu (BipycH);

8) TKaHWHM, KOJIOHIT CAMOCTIMHUX KJIITHH;

9) opranu, KoJ0OHIT KIITHH 13 JudepeHiianieto QyHKIIii;

10) cucremu oprasis;

11) opranizmu;

12) nomynsiii;

13) yrpymnoBaHHs (1I€HO3H);

14) ekocucremu;

15) ynimutanerapHna 6iocdepa;

16) mynpTHIUIaHEeTapHA Oiocdepa;

17) onrompoctopoBa 6iocdepa;

18) BcempocTopoBa Giocdepa.

Ile moB’s3aHO 13 i€EpapXivyHICTIO MPUPOAHUX eKochucTeM. Bike 3 KiHI XX CTOMITTS €KOCHCTEMHA
KOHLIEMI[is1 0a3yeThCsl Ha JBOX OCHOBax — Teopis cucTteM Ta TepMmoauHamika. [lns Toro, mo0 maru
MIEPBUHHI YSBJICHHS PO €KOCHUCTEMY MOTPIOHO OPIEHTYBATHCS B KIIOYOBHX IOJIOKEHHSIX TEOPIl CUCTEM.
3rifHO 13 HE, CHUCTEMOI0 MU HAa3MBA€EMO CKIHUEHHY MHOXKHMHY B3a€MHO IIOB’SI3aHUX EJIEMEHTIB,
BHOKPEMJICHHUX 13 1i cepeoBHUIla, BIAMOBIIHO /10 IEBHOI METH B MeXKax IMEBHOIO YacOBOro iHTepBany. Yu
ycsika MHOXHUHa Oyjie cuctemoro? Hi, ToMy 110 MHOKHUHOIO MOXe OyTH Oy/b SIKa CYKYITHICTh €JIEeMEHTIB,
HE3aJIe)KHO Bl HAasBHOCTI 3B’S3KiB MDK HUMH. OTKe, KOKHa CHCTEMa € MHOXHHOIO, aje He KOXKHa
MHO>KHHA € CHCTEMOIO.

Enement cuctemu — 11€ yMOBHO HEMOJUIbHA HAWMPOCTIlIA CKJIaJOBa YacTHHA cucTeMu. [[oHATTS
HEMOAUTHHOCTI OKPEMOT'0 €JIeMEHTa 0OMEXYETHCS JIMIIE HOTo ICHYBaHHSIM B MeXaX KOHKPETHOI CHCTEMH.
B iepapxiyHuX cucTeMax KOXEH €JIeMEHT MOXE CTaTH OKPEeMOI0 CHCTEMOIO, MPHU OMYCKaHHI Ha HIDKHI
iepapxiuHi piBHI opraHizauii (puc. 1). B npoMy Bunaaky BiH CTa€ MiICKCTEMOIO BITHOCHO PO3MILIEHOT
BUIlE B iepapxii cuctemu. OTke, MIACHCTEMOI0 HA3WBAIOTh CKIIAJIOBY YaCTHHY CHUCTEMH, SKa caMa €
cucreMoro. CuctemMu 00’ €IHYIOUNCh MK COO0I0 CTBOPIOIOTH HajicucTeMu. [lonin cuctemMu Ha eIeMeHTH
i micucTeMH, a TaKoXK MOoOYA0Ba i€papXiil BU3HAUAIOTHCSA METOI0, 3aBAAHHIMH, HUTSIMU JOCTIHKEHHS Ta
TEOPETUYHUMH MOJIENIIMU, HAa OCHOBI SIKMX MPOBOAMUTHCS il BUBYEHHS YW omuc. MK eleMeHTaMH Ta
MifcCUCTeMaMU € 3B’SI3KH, SIKI MEPETBOPIOIOTH iX Ha cucTeMu. [lumu 3B’sa3kaMu MOXYTh OyTu Oynab sKi
BHU3HAYEHI MOTPeOOI0 AOCTIMHKEHHs iXHI BIUIMBH OJIHE Ha OAHOTO. Takok, i 3B’SI3KM BU3HAYAIOTh
OOMEXeHHSI KUIBKOCTI CTYNEHIB BUIBHOCTI KOMIIOHEHTIB CHCTeMH. SIKIIO SIKUICh €NeMEHT Mae
BIIACTHBOCTI, 3aB/SKH SKHM BiH HE MOK€ MATH 3B’SI3KU 13 1HIIUMH, TO BiH MepecTae OyTH YaCTUHOIO i€l
CHCTEMH.
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Cucrema

Puc. 1 3aranpHa cxema moOy/10BH CHCTEMH.

[IpuponHi cucreMu € HeCKiHUYeHHUMH iepapXismu. OKpewmi rajgy3i HayKd BHUBYAlOTh BHU3HAYCHI
YaCTUHU iepapXii MpUpOJHUX cucTeM. [IpupomHi cucTemu, HacmpaB[i, CKJIAIalOThCs 13 HECKIHUEHHOTO
Yuciia 3B sA3KIB Ta eneMeHTIB. Lle BimOyBaeThcs TOMy, 10 TPUPOIHI CUCTEMH € BIIKPUTUMH — TUMH, SIKi
MOCTIHO OOMIHIOIOTHCS PEYOBUHOIO, CHEPTIEI0 Ta iH(OPMAIliEI0 13 HABKOJHUIIHIM cepeaoBuiem. (3a JI.
¢on bepranandi). Ockiibku, Ha CHOTOJHI HE BIJOMO MPO SKICh MPOCTOPOBI, YacOBI YM i€papXidHi
oOMexeHHs y BeecBiTi, TO MOKEMO MPUITYCTUTH, IO KOKEH €JIEMEHT MPUPOAHOI CUCTEMU 3’ €THAHUH 13
HECKIHYEHHHM YHCIIOM IHIIUX eleMeHTiB. OTxe, BOHAa CTae HECKIHYEHHOIO 3a KUIBKICTIO 3B’SI3KIB Ta
eneMeHTiB. HamaranHs AOCHIIUTH HECKIHYEHHY CHUCTeMY IOBHICTIO MpUpedeHi Ha mpoBail. Jlns wmiei
3a/1a4i TOCIITHUK MOBHHEH MaTH MOXIIMBOCTI «fgemoHa Jlammaca»®. Buxogom 13 cutyarii € npouemnypa
MoJientoBaHHs. Lle mepexin Bim BMBUYCHHs MPUPOJHOI CHCTEMHU A0 ii Mozemi. Mojaens — 1€ crpolieHa
CHCTEMA, B SKIH BKIIIOYAIOTHCS JIHMIIE HAHOLIBII BINIMBOBI €JIEMEHTH Ta 3B A3KH CHCTEMH abo0 Ti SIKiI €
HAWUOUIBII aKTyalbHUMH JUISI KOHKPETHOTO MOCTKEHHS. Mojenb CHUCTEeMH He € ii KOMi€lo a JHile
nonibHa 1o Hei 3a mMeBHMMM o3Hakamu. CTymiHp MMOAIOHOCTI MOJeNi Ta HPUPOJHOTO OO0’€KTy
BHU3HAYA€ThCSl MOTpedaMM JIOCIIIHUKA a00 TOYHICTIO MPOTHO3IB MOBEIIHKH CHCTEMH, 3p00JIeHOro Ha ii
OCHOB1. MoJlentoBaHHS € HE JUIIe €AUHUM MOXJIMBUM METOJOM JOCTIKEHHS MPUPOJHUX CHCTEM, a i
JI0CUTh e(pEeKTMBHUM Ta BUIIpaBIaHUM. lle 0OyMOBIEHO NPUHLMUIOM i30MOpQi3My, 3TiHO 13 SIKUM
MoAiOHI TOE€THAHHS €JEMEHTIB Ta 3B’SI3KIB CTBOPIOIOTH CHCTEMHU 13 MOAIOHUMHU BIACTHUBOCTSIMH,
HE3aJeKHO BiJ iX MOXO/KeHHS. OTxe, MOJENb, KA CKIAJaeThes 13 aOCTpakTHUX 00’€KTIB MOJIIOHHX
iXHIM NPUPOJAHUM aHajioram, OyJe MPOSBIATH MOJAIOHI BIACTHBOCTI 13 MPUPOAHOIO cucTeMoro. OnHak,
IIPU NEPexo/i 13 OJHOTO PIBHS OpraHizailii Ha IHIINMH, sIK a0CTPaKTHI CUCTEMH, TaK 1 MPUPOIHI, MOXKYTh
HaOyBaTH HOBI BJacTUBOCTI ab0 BTpauyaTu nomnependi. Lle sBuie emepykeHTHOCTI. IrHOpYBaHHS sBUIIA
eMEp/KEHTHOCTI € OJHIEI0 MEepUIONPHUYMHOI0 KOH(MIIKTY MDK KOHTHHYyamicTaMH (TMPUXUIBHUKH
JI. . Pamencekoro, I'. A.T'nmizona, P. Birrekepa) Ta orinismicramu (npuxwibHuku @. Knemenrca).



OcTaHHI1 HamMaramucs MepeHecTH Ha OIOIEHO3H 1 €KOCUCTEMU BIIACTUBOCTI OPraHi3My YH BHUY, IO OYII0
MTOMIIKOIO 13 MO3HIIIi TEOPii CHCTEM.

Jlexuist Ne 6
Tema: MaremaTruHi MOZEJI B €KOCHCTEMOJIOT 1.
Merta: Po3kputu 0cOOIHBOCTI MATEMAaTHYHUX MOJIECTICH B €KOCHCTEMOJIOT i
[Ipodeciiina crpsimoBanicTh. Matepian Jekiii 3HAaHOMHTH MaWOYTHIX CIIEIIaliCTIB E€KOJIOTIB 13
0COOJIMBOCTSIMA MAaTEMATUIHUX MOJIEJICH B €KOCUCTEMOJIOT T
[Inan
1. JImHamika eKOCHCTEM SIK HACIIIOK MDKBUIOBUX BiJIHOCHH.
2. MopemoBanHs Tpo(iuHOTO JaHIIora. MoJemoBanHs TpPO(MIUHUX JIAHIIOTIB B PI3HHUX
CEepeI0BUILAX TOIIIO.
3. 3aranbHi TPUHIWIU MOJICTIOBAHHA EKOJOTTYHMX CHCTEM 3a JOTIOMOTOK0 Ju(depeHIiaTbHUX
PIBHSIHB, CTAI[IOHAPHI PO3B’SA3KH Ta iX CTIHKICTh

Texcrt

1. lunamika eKocucTeM SIK HACIII0K MiZKBUIOBUX BiTHOCHH.

CuHreHe3 moB'si3aHUN 13 NMPOPOCTAHHSIM POCIWH, HACIHHS YW BETeTaTHBHI YAaCTUHU SIKUX BXKeE
3HAXOJMJIKCS B IPYHT1 a00 MPOHUKAIOTh 30BHI. B OKpeMHX BHIIagKax TEMIl 3poCTaHHsS (iTOMacu MOXe
MIHSTHCS B 3QJIEKHOCTI BiJl iXHHOTO BHJIOBOTO CKiady. Lle Moike 3MiliCHIOBATHCS SK Yepe3 aKTUBHUUN
€HJIOCKOTeHE3 CIPUYMHEHUN MMM BHJIAMH TaK 1 4epe3 IXHI ajejomnaTH4Hi BiacTuBOCTI. Hampukman,
mosiBa Ha detBepTiii aimsuaii Hieracium pilosella L. pasom i3 Pinus sylvestris mpussena 10 aKkTHBHOTO
MPUTHIYYBAHHS JIYYHOT POCIMHHOCTI Ta 10 (opMyBaHHS (DIOPUCTHYHOTO OJIOKY ONHM3BKOTO 10 KIacy
Koelerio-Corynephoretea Klika in Klika et Novak 1941.

TakuM 4yMHOM, Ha TOCTYNOBE 3POCTAaHHS IHCHEpCii BIUIMBAE SIK AHTPONOTEHHUN THCK Tak 1
Tpanchopmartis eqadoTomny Yepe3 MosiBy TYT IEBHUX BUIIB eau(iKaTOPIB.

VY neprmomy HaOMKEHH] TUHAMIKY BETUYHHHU (HiTOMAcH arnpoKCHMOBaHI JOTapu(PMIuHOIO KPUBOIO,
JOCTOBIpHICTh anpokcumariii sikoi HaiBuma (0,59). IToka3HuUK Kopensiii 3a Ii€0 3aKOHOMIPHICTIO
nocuth Bucokuii — 0,77. He3Baxkaroun Ha BIiAMIHHOCTI B 4acl Ta YMOBax CEpPEIIOBHINA, IIi pe3yIbTaTh
nyxe oim3bki 10 otpuManux I'.O. XaypainoBoto s nepenoriB Kuicbkoro Ilosmiccest.

PiBHsSHHAM 17151 Hamoi Mojieni € jorapudmMidyHa GyHKITIS:

y = 4,1159 + 14,645Inx

Jie y — 3arac HaJa3eMHoi pitomacu, 1/ra

X — 9ac BiJ] MOYATKY 3apOCTaHHs MEPEJIOTIB, POKIB.

Cnig BIAMITUTH, 1O ICHYE CXOXKICTh KoedimieHTa «a». Y Hamomy Bumaaky a=4,1159 a B
nocmimkenusax . O. XaypninoBoi a=3,8. He3Baxaroun Ha J1€B’SHOCTOPIUYHY PI3HHUIIO TPUBAIOCTI
3apOCTaHHS MEPeoTiB, el MOKa3HUK JIyXe ONU3bKUH, 110 MOXKE BKa3yBaTH Ha WMOBIPHY MOKIIHUBICTh
CTBOPEHHS YHIBEpPCAIIbHOT MAaTEMAaTUYHOT MOJIEIIi MPOTHO3YBAHHS TUHAMIKH.

BicimaecsaTu onmciB 3po0JIeHMX Ha CTaIliOHapax 3a IepIi JecSTh POKIB 3apOCTaHHS IEPEIIoTiB
HEJOCTAaTHBO MJIsl CTBOPEHHS MOBHOLIHHOT MOJENi JWHAMIKu ekocucteM. [l po3mmpeHHs oOpaHOro
MacHBY JIaHUX yChOTo MacuBy B 835 omuciB Mu obpanu 251, siki O1M3bKi 3a eqagiuHUMHU TOKa3HUKaAMU
710 YMOB B MeXax cTrarioHapis (puc. 14).
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3MmiHa Ha3eMHOI (piTOMacH 3 YaCOM B aHAJIOTTYHUX YMOBaX aHAJOTIYHUX CTAIIOHApaM.

VY pe3ynbTari anpoKcuMalii JorapupmMiuHO0 KPUBOIO, MM OTPUMYEMO PIBHSHHS:
y = 58,785+ 60,718Inx

3HavyHa BIIMIHHICTH B IOKa3HHMKaX OOYMOBJIEHA PI3HMIICIO B BII[l HACAKCHb, iXHHOMY THIIL.
JlocnmikeHHsT Ha CTallloHapax OXOIUIIOIOTH MEPIOAM 3apOCTaHHs MEPEJIoTiB MPOTATOM MEPIINX JCCITH
pokiB, nociimkenns ['.O. Xayp1iHOBO1 COCHOBI JIiCOB1 HacaKeHHs Ha nepenorax mnpotsaroM 100 pokis, a
Hallle y3araJbHIOIYE JOCIIHKEHHS BKIIIOYAE YC1 TUIIA HACaHKEHb PI3HUX 3a MOXOKCHHSIX B MOIIOHMX
eqadgiuanx ymoBax. Kpim Ttoro HacampkeHsb Bikom crapiux 120-130 pokiB ommcaHo ayxe maino. Tomy
TOYHE IIOJIOKEHHS MHOXHWHH TOYOK B Il 30HI HaM HeBimoMe. Bennka 4acTMHA BIKOBHX HacalKE€Hb
MIA€ThCS  aHTPOTIOTEHHOMY BIUIMBY pi3HOTO THITy (pekpearrii, caHirapHi pyOku, Tomio). Jlis
BHUKJIIOUCHHS 13 HAIIOT MOJIE/1 BUTIAJKIB aJJIOTEHHUX CYKIIECIi, MU 3aCTOCYBalId (DUIBTP, SIKUHA BUKITFOYUB
yci ekocucteMu crapiii 3a 10 pokiB 3 piBHEM aHTPOMOreHHOT TpaHchopmarllii Buie 9 OaniB 3a MIKAIO0
Hinyxa-Xowm’sika (eyremepoOHi 3a Blume H.P. ta Sukopp H.).

Teopis TepMoauHaMiku, sika 3apoJuKyBaniacs B 18-19 cromiTTsax Hamaramacst ommcaTv (Hi3HKO-
ximiuyHi mponecu. Hampuknan, kmacuune piBHsHHA P. Knaysiyca (1850) Bka3zye Ha 3pocTaHHS
TEeMIIepaTypu CHUCTEMH IIiJ] Yac HAaIXOJPKEHHS Yy Hei eHeprii 4M 3poCTaHHs EHTPOMIl, SKIIO IbOrO He
BinOyBaetThcs (IIpuroxun, 1960; 'enbdep, 1981):

ds =22
T

ne dS — enrporis ¢pizuko-xiMidHOT cuctemu, AQ — temnora cuctemu, T — Temneparypa CUCTEMHU.

Omke Ha piBHI arOMHOMY 4YH MOJIEKYJISIDHOMY pIBHI Oprasizamii HaIIWIIOK eHeprii
MIEPETBOPIOETHCS Ha TeMIieparypy. ¥ OiocucreMax MU IIbOro He croctepiraeMo. OCKUTbKHY, KUBI CHCTEMH
€ KOMIUIEKCOM YINOPSJKOBaHMX XIMIYHMX peakiiif, KIYOBY pOJb B SKUX BIJIrparoTh
BHCOKOMOJIEKYIISIpHI (epMEHTHI peakiii y BOJHUX pPO3UMHAX, TO BOHH MOXYTh ICHYBaTH JIUIIE B
BY3bKOMY TeMIlepaTypHOMY Jiana3oHi. OTKe 3HIKEHHS EHTPOMil He CYNPOBOKYETHCS 3MIHAMH
TeMiieparypu. 3a cioBamu PaiiMonpaa Jlingemana eHepris BUTpayaeTbCs HE JUIIEe Ha BUKOHAHHS POOOTH
KUBUMU OpraHizMaMu 1 Ha yTpuMaHHs OanaHcy TXHBOI TeMmepaTypH, a il Ha JesIKUi 4yac KOHCEPBYETHCS
y 6iomaci (Lindeman, 1942).

EnTpomnis HajorpaHi3aMoBoi 6i0cHcTeMH OB si3aHa 13 0aJlaHCOM MDK TpPhOMa IMOTOKAaMHU €Heprii:
BXIJIHOTO, BHXIHOTO 1 3aKOHCEPBOBaHOro. B wMexax 1poro mepeniky ao0pe MpOrHO30BaHOMY
YIOPSAKYBAaHHIO  TEPEeMIlIEHHIO Yy MeXaX EKOCHCTEMH WIiIKOPSEThCS JHIIE Ta, sfKa (IKCYEThCS
npoayieHTamMu. OHa 4acTWHA Takoi eHeprii oApasy K po3CiroeThes. Pemita mpoTsAroM MEBHOrO Yacy



pyXaeThCs Yepe3 JaHIIOTH KUBJIEHHS (TpodiuHo Mepexkero). KoxkHa ekocucrema mpoTsIroM TPUBAJIOTO
yacy 30epirae neBHy KuIbKICTh €HEprii, 110 HEe MOJUIIAE NEePIIOr0 EHEPreTUYHOTO PIiBHS (KOHCEPBYETHCS
nporyrieHTamMu). KinbKicTh 3aKOHCEpBOBaHOT €HEPril eKOCUCTEMOIO eHeprii Oyae 00epHEeHOI0 0 PiBHA ii
SHTPOIIii, TOMY 1[I0 BOHA TAKMM YMHOM YHUKA€E MPSIMOTO YU HE HAJIOBTO BIITEPMIHOBAHOTO PO3CIFOBAHHS.
OCKUTbKH, PeaKilis eKOCUCTEMH € IPOJIOHTOBAHOIO, TO IPYTUM Ba)KJIMBUM IMOKA3HUKOM € 4ac 30epexeHHS
miei Macu B mpoayneHtax. s XiMiyHMX 4M (QI3MYHMX peakmid 4Yac, MPOTATOM SIKOTO EHepris
30epiraeTbcsi B IUX CHUCTeMax 0e3 TpaHcdopMallii 9¥ pO3CiOBaHHS, Oyae HACTUILKA MajHMM, IO HUM
JIOT1YHO ITHOPYBATH.

Takum YUHOM, MM MO’KEMO BHPA3UTH CHTPOIIIO Yepe3 CIIIBBiIHOMIEHHS eHeprii 3adikcoBaHOi
aBTOTpOaMHu 10 Ti€i, IKy BOHH 3aTPUMYIOTh IIPOTSATOM IIEBHOTO Yacy:

AR,
Y Egt

Se

ne Se— exocuctemHa eHtpormisi; AE.— eHepris mormmuyra aBTtoTpodamm; Ex— eHepris, sxa
YTPUMYETbCS BHJIOM aBTOTpo(diB; t — wyac, MpOTAroM SIKOTO EHEPrii yTPUMYETbCS MEBHHUM BUJOM
aBTOTPO(PIB.

[TornmuHyTra eHepris HAKOMUYYETbCA y BUIJISII CIELialbHUX OpPraHIYHUX PEYOBUH, TOMY OCHOBHHM
MMOKa3HUKOM EHTpoMii Oy/ie BeauunHa ii ¢pitomacu:

Ekzzmakm

e My — Maca 0coOuH BUay aBTOTpo(diB B omuci; Km — KoedimieHT crmiBBimHOmEHHS (iromacu Ta
MOTJIMHYTOI eHeprii.

BcranoBneHHS TOUHUX TIOKA3HUKIB (hiTOMacH Oyje CKIAIHOIO eMITIPUYHO0 TTpodiemoro. YacTo TouHi
JaHl MOXHa OyJie OTpUMATH JIUIIIE Yepe3 MOBHE 3HMINCHHS MPOMYIEHTIB AOCIIPKYBaHOT nuissHkH. [le y
0araTbOX BHUITQJIKaX € HEMPUIyCTHMUM. Hampukiazn, Koiau AOCTiKYIOTECS papyuTETHI ocenuia, abo Ti,
SIK1 MICTATHh PapUTETHI KOMIIOHEHTH OI0TH YH 3HAXOJATHCS HA TEPUTOPIT 00’ €KTIB MPUPOAHO-3AMIOBITHOTO
¢donny. Crnig 3BakaTd Ha Te, IO CHEProeeKTUBHICTh MAacH PI3HMX YaCTHH POCIMHH B PI3HI MEpioau
JKUTTS TPOIYIEHTIB Ta B PI3HUX YMOBaX CEPEIOBHUINA BIAPI3HIAIOTHCA. TOMY Ciifl 3aMiHUTH aOCOJIFOTHI
MOKa3HUKKH (iTOMacu Ha BIMHOCHI. JlOCHDKEHHS TOKa3yloTh, IO KUIBKICTH (iTomMacu Oyae MpsMo
MPOMOPIliiHA TPOECKTUBHOMY MOKPHUTTIO (pOTOTpO(iB ab0 IJIOMNII KOHTAKTHOI 13 CEPEIOBHINEM IMOBEPXHI
st xeMoTpodiB. OmHak, mix yac 0OpaxyHKIB MacH OKPEMHUX OCOOMH MU OTPUMYEMO 3HAYHY MOXUOKY.
Oco0sMBO 11 CTOCYBATUMEThCS KPYIMHHX BHIIB. [lJis BEJIMKUX MAacHBIB JaHWX MOXHOKAa BUMIPIOBAaHHS
3HU3HUTBHCS JIO0 MPAKTHYHO JIOMYCTUMHUX Belu4uH. L[e MOxHA BHpa3uTH 3a JONOMOTOK (OPMYIH IIOJIO
SHEeprii, siIka YTPUMYETHCSI [IEBHUM BHJIOM aBTOTPOQIB y MEKaX OTHCY:

B = ) Pl ke,

ne Ex— eHepris, sika yTpumyeTbcs BUAOM aBTOTPOdiB; Kpy— KOoedillieHT mepepaxyHKy 3B’SI3KY
MIPOEKTUBHOTO OKPHUTTS 3 Macoo; P — mpoeKTHBHE MOKPHUTTS.

IIpy 1BOMY, MU MOXEMO BHUKOPHUCTOBYBATH JHILIE HaA3eMHYy ¢iTtoMacy. IcCHyroTb meBHI
CIIBBIIHOIIEHHS MK MPOEKTUBHUM MOKPHUTTAM MiJ3€MHOI Ta Ha3eMHO{ YaCTHHM pociuH. Lle mpu3BoauTh
710 MPONOPLIHHUX BIAMIHHOCTEW MDK IXHIMU MacaMu. Hampukiaza, B yMOBax ONTHUMaIbHOT 3BOJIOKEHOCTI
BOHM YacTO CHIBBIIHOCSTHCS K OJUH JI0 oAHOro. KoiM 3BOJIOXKEHICTh POCTE, TO CIHIBBIJHOLIEHHS MDK
MOKPUTTSM MiA3€MHOI 1 HaJ3eMHOI YacTUH 3MiHIOEThCS OOepHeHOo mponopiuiiiHo. OTxe, ¢dopmyna
EHTPOIIii eKOCUCTEM ITICIIsl CIPOILEHHS Ha0yBa€e TAaKOTO BUIIISALY:

AE

dS, = o——
¢ Z Mapn th



ne Se — eHTporis, AE — pi3HUIIS MK €HEpriero, M0 MOTPAIUIsE B €KOCUCTEMY 1 3AIHINAETHCS B HIH,
Mapn — Ha3eMHa (piromaca Buay N, th — Bik BUIy N.

OCKUTBbKH, HTPOMis 3aKOHOMIPHO 3HIDKYETBCS i1 Yac aBTOI€HHUX CYKIIECiH, TO 13 Hei MOXKHa
BUBECTH YHIBEpCAIbHMII TOKA3HHK INPHPONHOI juHaMmiky. Moro abCcomoTHe 3HaueHHs Oyne
BCTaHOBJIIOBATHCS BUKJIIOUHO JUI TEPUTOPIi OJHiET mpupoaHoi 30HU. Came TyT, PI3HHUISI MK €HEpri€ro,
sKa MOTpAIUIsie Ha TIOBEPXHIO i, TI€IO SKa CTA€ JOCTYITHOIO aBTOTpodaM il EPETBOPEHHS y TIEPBUHHY
MpOIyKIlifo, Oyae mpubim3HO cranor. Omke, B MeXax Takoi TepuTopii il MOXKHA 3HEXTYBaTH
BEIMYUHOI0. B Takomy pasi piBHSHHS YMOBHOI €HTPOTIIl €KOCHCTEM KOHKPETHO1 MPUPOIHOI 30HU HaOyBa€e
TaKOTO BHUTJIAY:

1

dSe, =——
ez
Zmapntn
OCKUIbKH, EHTpPOIlSl €KOCHCTEM IIiJ] Yac AaBTOTEHHUX CYKIECI 3HMKYETbCA, a TOKa3HUK
MIPUPOIHOT AMHAMIKM 3pOCTa€, TO BiH Oy/e OOEpHEHOIO0 BEIMYMHOIO J0 HEl BETUYMHOIO ajie JIMIIE B
MeXaxX KOHKPETHOI IpUpoAHO1 30HU. Take piBHIHHS MaTUMe BUTJISI

Sq = Z Mapnln

e Sy — abCoMIOTHE 3HAYEHHS [TOKa3HUKA IUHAMIKA

AIL. Hinyx 1 ILI. Thmota y cBoiit poboti « DiroiHmukarlis exkojoriyHux (akropiB» (1994)
MPOIMOHYIOTh BUIUIATU JJISl OLIHKH 3MIHM CTPYKTYPH €KOCHUCTEM TUIbKU Ti (pakTopu, 110 MOB’sI3aHl 13
TTHOMHHOIO CYTTIO €KOCHCTEMHU 3a 1l BU3HAYCHHSM. [HIIUMH CJI0BaMH, BUAUISATH Tl IHIUKATOPHI O3HAKH,
SIK1 TIOPOJKEHI KUTTSAM Ta BIACYTHI y a0loTMUHUX ymoBaxX. Bonwu, minrpumytoun inero B.M.IIminra,
MPOTIOHYIOTH 3ICTaBJISATH MEBHI KUIBKICHI CITIBBITHOIICHHS I PI3HUX TTOKa3HUKIB (1984).

BukopucraBmm mpocTy yMOBHY IIKaJy TMOPYIIEHOCTI, MM MOXKEMO CIIOCTEPIraTH PIZHHIIO Y
CHIBBIIHOIIIEHHI MPEJCTABHUKIB 13 PI3HUX POAWH POCIWH I Yac Pi3HUX eTamiB cykuecii. Humu Oymno
JOBEJICHO, IO HaWKpamie BimoOpa)kae CTENiHb TMOPYIICHOCTI (BETWYMHA MPOTHIICKHA TOKA3HUKY
MPHUPOJHOI JAMHAMIKK) CITIBBIIHOIIEHHS MDK TpeicTaBHUKaMHU poauH Asteraceae + Brassicaceae i3
onHoro Ooky Ta Rosaceae 13 iHmoro. Y pyaepalbHHX Ta CEreTajJbHUX EKOCHCTEMax L€l MOKa3HUK
KOJIMBAaeThesl Bix 6,3 mo 15,9; mns craxaii 3makoBHHKIB (OojoTa 1 Jayku) Big 2,5 mo 5,1; B JicoBHUX
exocucremax Bim 0,5 (my6omi) mo 1,1 (cocHoBi). OmHak, 1eli METOJ MICTUTh KUTbKa CIA0OKUX MICIIb.
Hanpuknan, pin Potentila. Buau, siki HanexaTs 10 mporo poxy, Taki sk Potentila erecta (L.) Hampe i
Potentila alba L. gacrimre 3a Bce 3ycTpiuaroThesl Y COCHOBHUX i AyOOBHX JicaX. IXHS NPUCYTHICTh B TAKHX
€KOCHCTeMax 30UTbITy€e TOXUOKY PEe3yJIbTATIB B MOPIBHAHHI 13 peabHICTIO.

Takok, MOXHa OTpUMAaTH HEMOTaHI pe3yJlbTaTH dYepe3 CIIBBIIHOIIEHHA MDK Oiomopdamu
(BimHOMIEHHS KiTbKOCTI (hanepodiriB + xamediri 1o Tepoditis). [lokazHuKH, BU3HAYEHI y TaKHii cTIOCIO,
piBui 0,1 momo cererampHux ekocucteMm Ta 10,3 ans cocHoBo-myOoBuX JiciB. BomHouac, xameditu
MOXYTh JOMIHYBAaTH, TaKOX B YarapHHYKOBHUX eKocHcTeMax i1 B jicoBux. OJHaK, B MaJlOMOPYIICHUX
ny0OBUX Tpajicax, 0 HaiOuIblie HAOIMKEeH1 A0 KIIMaTHYHOTO KJIIMaKCy, BOHHM 3YCTPI4alOThCS pialie.
B nopymenux cocHoBux abo COCHOBO-AYOOBHX JIicax MPUCYTHICTh XamMediTiB MOMITHIIIA (HAPUKIA,
Bepec 3uuaitauit Caluna vulgaris (L.) Hill.). Omxe, B nepioMy BUMaaky, MH OTPUMYEMO MOKa3HHK 8
OJIMHUIG, a B Apyromy Mix 9 ta 10,3.

AHaNoriyHi pe3yabTaTd MU MOXEMO OTPUMATH Yepe3 MOPIBHAHHS CIIBBIIHOIIEHb NPEICTaBHUKIB
BUJIB 13 PI3HUMHU JIUCTKOBUMH IJIACTUHKAMH (CKJIepoMOpdHi / TiIrpoMopdHi), Ti 110 HaJeXaTh 0 Pi3HUX
cTpareriii (matieHTH / eKCIUIepeHTH), ab0 3a TOMOMOTO0 THX, sIKi Hajexarh 10 iHmux poaun (Fabaceae
+ Coryopheraceae / Cyperaceae).

OpHnak, 3a Ii€l0 METOIUKOI0 OyJ0 MpOaHaIi30BaHO T'PYIMH €KOCHUCTEM OY)KE€ BHCOKOTO TOPSIKY.
Hampuxman, 3makoBa cTajis BKJIOYana, K JyKd, Tak i Oosiota. [IpuponHo, BUHUKAE 3amMTaHHS: 4Yd
MpamoBaTUME OJHH 13 MIX0/1IB HA HIKYKUX PiBHAX. OCOOIUBO, SKIO OIIHIOBATH iXHIO MOPYIICHICTDH 32
KOXXHUM KOHKPETHUM OTIHCOM.



Po3micTuMO yci OCHOBHI KOMIIOHEHTH MpHU3HAa4YeHI Al OOpaxyHKy NPUPOIHOTO IOKAa3HUKA
auHaMikd Ha oci «X». Ha oci «Y» po3MICTHMO IIKanxy »HTTEBOCTI 3a SKMMOCH 13 mapamertpis. Lle
CTBOPHUTH YMOBH JUIS NIEPEBIPKH BiAMOBIIHOCTI TAKMX MOKA3HHUKIB 3aKOHY ONTUMYMY. 3a BHIIICHA3BAaHUMHU
napameTpamMH He 3aBKId MOXKHa HE JIMIIE CHOCTepiraTH 3a YTBOpPEeHHsM KpuBoi [ayca*, a il y nmeskux
OIMCIB Ta HA MEBHUX Bif[pi3Kax CyKIEeCii B3araji He MOXJIMBO BU3HAYUTH TaKUH MOKA3HUK.

Hampuxman, B meprri pokd 3apoCTaHHS TEPENIOTIB YacTO B3araii HE BIAETHCS BU3HAYUTH
MOKA3HUK JUHAMIKH ISl )KOJHOTO onucy. JIuie i3 gpyroro poky, Ha OAHIN 3 AUISHOK JUIS CTaIllOHApHUX
nocnipkeHb (Ne®) BiIMIu€HO OJHOrO MpeACTaBHUKA poiauHu Ro0sacea — rpaBimar wmickkuit (Geum
urbanum L.) JIuiie Ha BOCBMOMY POIIi CITOCTEPEIKEHb 3HHKAIOTH OIMKCH, JIe 3aCTOCYBAaHHS I[I€] METOTUKH
HemoxuiBe. KpiM IIbOr0 TMOKa3HWKM KOJIMBAIOTHCS HE 4Yepe3 BIAMOBIOHICTh peallbHOMY Iiepediry
CyKlecii, a i3 IHIUX NpuYuH. Y JEdIKHX BHIMaAKax (Ipyruii pik Ha autsHii Ne 8) BcTanoBieHe
CHIBBIJHOILLIEHHS PIBHSUIOCA 2, 1O BIANMOBIAHO 10 Tabnuui 12 B MoHorpadii «DiroinauKalii eKoJI0riuHuX
(dakropiBy (1994) 3a3naueHe IS JTICOBUX €KOCHUCTEM. B OKpeMHMX BHUNAAKaX MaKCHMaJbHI 3HAYCHHS
3 ABJSIIOTBCA Ha 3-6 pik. [licas 1pOTO CHOCTEpIracThCsl 3aKOHOMIPHE 3HIMDKEHHS IIbOTO MOKa3HUKa. Te
came BiI0yBa€eThCs HE JIMIIE 13 CHIBBIIHOIICHHSM B MeXaX POJUH, a 1 IJIs yCIX 1HIIUX miaxonaiB. Tak, Ha
JOCIIIHULIBKOMY CTaI[lOHAp1 13 BUBYEHHS 3apOCTaHHS IEPENIOriB Nepiiuil aepodir 3’sIBUBCS TUIBKU Ha
YeTBEPTHii PiK (MO0 JMHOKA MOJI0a ocobuna Pyrus communis L. ninsHka Neo,).
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Puc. [TokazHuk quHaMiky (MMOPYIIEHOCT]) BU3HAYEHUH 3a CIIBBITHOIICHHSM MK MPEACTaBHUKAMHU
poaunu Asteraceae + Brasicaceae no Rosacea y craiioHapHHX JOCIIKCHHAX 3apOCTaHHsI IEPEIIOTIB.

BigcyTHicTh B omucax MNpeACTaBHHUKIB OKpeMHX Ipyn (JIopH HE J03BOJIS€E BHUKOPHCTOBYBATH
BUIIIEHA3BAHUN METOJI, 1151 BCTAHOBJICHHSI TOKa3HUKA TUHAMIKHM 13 TPAKTUYHOIO METOI0 UM JUIs MOOYI0BH
JOMYCTUMO TOYHHMX MOJEJIEeH eKOCUCTEM.

Po3noain mpoeKTUBHUX a00 KOHTAaKTHMX IOKPUTTIB aBTOTPOQIB JAEMOHCTPYIOTh KIACHYHUN
pO3MOALT ONMUCAHUM 3aKOHOM ONTMMYMY 4M MpaBujioM TojepaHTHOcTi Illendopna (puc. 18). Lle
JI03BOJISIE 3aCTOCOBYBATH KJacu4Hi ¢iToiHauKaliiHI Metoau. [Ipu npomy moxubka BUMiproBaHHS Oyne
kosmBatucs Bif 3% 1o 10% 3anexHo Bif KUTBKOCT1 BUIIB B OMKCI 1 HAABHOCTI iX Y BUKOPUCTOBYBaHHUX
6azax naHux. Ll BenMuuHA CHiBpO3MipHA 3 MOXUOKOIO, SIKY MH OTPUMYEMO, BUMIPIOIOYH IMOKA3HUK
JMHAMIKA KOHTaKTHUM a0o0 iHBa3iitHUM nuissxoM (5-10%).
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Puc. 3miHa NpoeKTHBHOI0 MOKPUTTS BiTHOCHO 3MiHi NOKA3HUKA NPUPOIHOI ANHAMIKH IS
Echinochloa crusgalli.
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Puc. 3Mina mpoeKTHBHOI0 MOKPUTTS BiTHOCHO 3MiHi MOKa3HUKA MPUPOAHOI AMHAMiKH s Poa
prantense.

Ha ocHOBi eMmipu4yHHX JaHUX MOOYAOBAaHO MaTeMaTHUHY MOJIENb CHIBBIAHOLIEHHS aOCOIIOTHOTO
MOKa3HUKa MPUPOIHOT AuHaMikK 2 1-6anbHii mkani (puc. 20).
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Puc. Anpokcumariiss MaKCHMaJIbHUX 3Ha4Y€Hb a0COJIFOTHOTO TTOKA3HUKA MTPUPOTHOT TUHAMIKH.
s 3aKOHOMIPHICTh MOKHA OMMCATH Y BUTJISAII MATEMAaTUYHOT MOJIEIII:

S, = 3.81+ 5,%7 (3.10)

ne St — iHTerpoBaHWM TMOKa3HUK JUHAMIKH, S8 — aOCOJIFOTHE 3HAYEHHS IMOKa3HUKA TPUPOTHOL
IUHAMIKH.

Mogenb XapaKTepu3yeTbCsi BUCOKOIO JIOCTOBIPHICTIO anmpokcuMarii* — 0,976. ¥V pisHHX ymMoOBax
CepEeIOBUINA, OCOOIHMBO MPHU BIIXMJICHHI BiJ ONTUMAJIbHUX YW CTBOPCHHX ITiJi aHTPOIOTEHHUM THCKOM
MMOKa3HUKK Perpecii Ta CTyNeHIB 3MiHIOIOThCs. Hanpukian, B 00J0THUX €KOCHCTEMaX BOHH JOPIBHIOIOTH
3,97 Ta 0,18 3a moka3HuKa 1OCTOBIpHOCTI anpokcuMaiiii 0,996.

Ha ocHOBi 0a3u gaHWX MpO aMIUIITYId TOJEPAHTHOCTI BUJIB JO0 3MIHU IOKa3HHUKA MPHUPOIHOT
JUHAMIKH MOHA 3aCTOCOBYBAaTH KJIaCHYHY (OpMyiTy, LIO0 3aCTOCOBYEThCA B CcUHITOIHaMKaIii*. B
MeXaX KOHKPETHOI IUISHKH, Ha sKid CTBOPIOETHCS CTAHJAPTHUN TreoOO0TaHIYHUN OmMUC*, TMOKa3HUK
MPUPOJIHOT TUHAMIKK TOPIBHIOE CyMi ycixX MOOYTKIB BU3SHAYEHUX MPOEKTUBHUX MOKPUTTIB BUIIB HA IXHE
CepeHE 3HAUCHHS aMIUTITYIU TOJIEPAHTHOCTI 1 MOJIIEHE CyMY IXHIX MPOEKTUBHUX MOKPUTTIB.

k1St1+koSez ...+ knS
ST — 1-°t1 2°t2 notn (311)
ki+ky..4+kn

abo
ST = £ (3 1)

ne ST — cuH}ITOIHANKAIIHHUK MTOKa3HUK TMPUPOIHOT IMHAMIKH, Kn — MPOEKTUBHE MOKPHUTTS IS
BUJY «N», Stn — CepelluHa Jliana30Hy TOJEPAaHTHOCTI IO BEIMYMHM MOKa3HUKA MPUPOTHOI AUHAMIKU IS
BUIY «N».

2. MoaeaoBaHHsl TpogiuHoro jganumora. MogeaoBaHHsI TPO(iYHUX JIAHUIOTIB B Pi3HUX
cepeIoBHIIAX TOLIO.

Tpodiunmii (xap4oBuii) JaHIIOT — II€ CHCTEMAa, B MEXKax SKOT MDK IEHOMOMYMSIiIMU
BiZIOyBaeThCs mepexia eHeprii y Burisai Oiomacu. I[lounHaeTbes BiH 13 aBTOTpodiB (MPOAYLEHTIB) SKi



MEePETBOPIOIOTH Pi3HI BU/II a0I0OTHYHOT €HEeprii Ha XiMIUHY OI0T€HHOTO MOXOKEHHS. 3TiAHO i3 3aKOHAMU
TEPMOJMHAMIKH OUIBLIICTh EHEprii BUTPAYAETHCS 1 PO3CIIOETHCSA, BHUXOIIYM 3a Mexi Oioromy.
Bigmiuaerbes, 110 KUTBKICTh PO3CITHOI €HEprii 3aJeKuTh BiJ JOBXKHUHU TpodiuyHOro naHmora. YuM BiH
KOPOTIIUH, THUM Oulblle eHeprii IoCTymHe Ui KOKHOI MOoro jaHku. B ekocucremMax MU MOXKEMO
00’eTHATH TPYITK OPraHi3MIB 32 MOAIOHICTIO IXHBOTO MOJIOKECHHSI B TPO()IYHUX JTAHITFOTaX

CopomieHa cxema, 3 SKOK 3HAHOMIISATh HAac B IIKOJI, BIACYTHS B pEaJbHUX EKOCHUCTEMax.
JIaHIIOTH  POCIMHU—TPABOiqHI— XMKaKU—MIKpPOOPraHi3MH-PEIYIICHTH HE  BiIOOpakaloTh  yciel
MMOBHOTH KapTHHH Mirpaiii 0ioMacu JaHmoramMu >xkuBiieHHs (Tadm. 1). Ilo mepmie, KOHCYyMEHTaMH
MEepuIoro, SK i OyAb SKOTO IHIIOTO MOPSJAKY, € mapa3uTHdHi opranizMu. Cloau BXOJSATh OpPraHi3Mu, IO
HaJIeKaTh JI0 pi3HUX napctB. Lle mportuctu®, xpomuctu*, pocnuuu®, TBapuHU™, rpudu*, Oakrepii* Ta
apxei*. Hezpaxxaroun Ha Te, 0 cepes apxel € mapasuTu Uil SKUX )KUBUTEISIMU € JIMIIE iHII apxei, ix
TaKOX MNOTPIOHO BIZHOCUTH N0 KOHCyMeHTIB | mopsaky. MoBa ine mpo Bigkputux y 2002 poui
Nanoarchaeota. Ha ceoromni Bimomo usmmie 1Ba Buaum 1poro Tumy Nanoarchaeum equitans Tta
Nanobsidianus stetteri.( Munson-McGee, 2015). Te, 1m0 BOHH MOXYTh PO3BHBATUCS JIMIIE B
YIPYNOBAHHSAX CHUIbHO 13 XeMOTpOoGHUMH apxesMu poiay IgniCcOCCUS, MeBHWI dYac crnpuiMamm 3a
cum6i103. OHaK, Ha CbOTO/IH1 BBAXKAIOTH 111 BITHOCUHHU MAapasUTHUYHUMU.

BuHukae 3anuTaHHs 4M € JOTTYHUM 1 CEMaHTUYHO BIPHUM Ha3UBaTU OPTAHI3MH, SIK1 CIIOKHUBAIOTh
TaKWX KOHCYMEHTIB, XMKaKaMH. 3a KIJACHYHIM BU3HAYECHHSM XM)KAIITBO — 116 BUKOPUCTAHHS B DKY 1HIITHX
TBapuH. OJIHaK, Mapa3sUTUYHI1 POCIUHHU, TPUOU Ta MIKPOOPTraHi3MHU TAKUMU HE €.

e oxHuM npoOIEeMHUM MUTAHHAM € 3aBEpUICHHS] TPOQIUYHOTO JIaHIIora peayleHtamu. Bigomo,
0 Il X PEAYIEHTH 3Tr0J0M IOIMAIOThCSA IHITUMU OpraHi3Mamu, siKki € KoHcymeHTamu. lle cTBoproe B
KIHI[l KO’)KHOTO TpO(IYHOTO JIAHITIOTa MEBHY MeT0. MOoXIHNBO mpobiaemMa B caMOMy BU3HAYCHH] TTOHATTS
peayneHTiB. Mu 10 HuUX BigHOocHMO jaerpurtodaris, campodariB, konpodaris. 3 oAHOT0 OOKY, BHUHIC
PEYOBHHU 32 MEXKi 010TOMy BiIOYyBA€ETHCS HA YCiX PIBHAX yCIMa Opra”isMaMu. 3 Apyroro 00Ky peayleHTH
MOiAAaI0THECA KOHCYMEHTAMHU TEPIIOro MOPSIKY, 3ayCKalound HOBI1 JaHIIOTH. Y 3B 3Ky 13 muM FO.Omxym
BHJIUISIE IBA TUITH JIAHITIOTIB — TACOBUIIHUH Ta neTputHuid (Ooym, 1986. C. 142).

Tabmuist. Po3aineHHs momyssiiid Ha rpyny BiAMIOBIIHUX JIAHOK 1 PIBHIB TPO(IYHUX JIAHITIOTIB.

Jlanka IIponyuen Koncym Koncym Koncym Penyuen
TpodiuHoro T™H eHtu I nmopsinky | enru II mopsiaky eHTH N-ro ™
JIAHIIOTa MOPSIAKY
Xapaxkrepuc AstoTpodh Tpagoin Xwxaku Xwxaku Oprasi3
THKA JIAHKH | H, SKi | HI TBapMHM Ta | Ta NOXXUpaYi | B palioH SKUAX | MH, SIKi
TPOQIYHOro JIAHIIOTa | IePETBOPIOIOTH pi3HOMaHITHI JeTpuTodaris, BXOJISITh IHIII | TIEPETBOPIOIOTH
€HEeprio napa3uTHYHI SKi  JKHUBJIATBCS | XMKaKU. biomacy B
€NIEKTPOMATHITHOTO | Opra3mH, sIKi | KOHCyMeHTaMu | MiHepalbHi
BUIIPOMIHIOBaHHS OTPUMYIOTh TOPSAKY. PEUYOBHMHHU.
abo XIMIYHUX | €Hepriro BIJ
CHONYK Ha 6ioMacy | IpOIyLEHTIB.

IMpuxmau Betula Lepus Vulpes Canis Aspergill
pendula, Nostoc | europaeus, lagopus, Drosera | lupus us niger,
commune, Nanoarchaeum rotundifolia L., Nicrophorus
Agrobacterium equitans, Daphnia antennatus,
tumefaciens Erysiphe atkinsoni. Athyreus

cichoracearum, acuticornis
Lathraea

squamaria,

Phytophthora

infestans,

Streptomyces

scabies, Pythium

debaryanum

Ha 11poMy CXOKICTb 13 JIAaHIIOTOM CUCTEMH Iepeaayi eHeprii 3akiHuyerscs. [Ipobnema He nuie B
TOMY, IIO «IETPUTHHUID» THUII NEPETBOPIOE JIHIHHY MOJIENIb Ha CEpil0 MeTeNb 3a Y4acTi PelyLEHTIB Ta
KOHCYMEHTIB HEpIIOro HOpsAKy. BimblIicTh BHAIB MalOTh OUIBII THYYKY CTpaTeriio >kKUBJEHHs. [leski




pOCIMHM 371aTHI OyTH KOHCyMEHTaMH pisHUX nopsakiB. Hampuknan, komap poxay Anopheles moxe Oyru
KOHCyMEeHTOM 2, 3 1 Bumux mnopsnkiB. Bomgnowac Drosera, ska cmilimana iioro mMoria 0 OyrH
KOHCYMEHTOM Ha OJIMH MOPSAIOK BUIIE, HE3BKAIOUN HA CBOIO 3/IaTHICTH IS (DOTOCHMHTE3Y Ta HAJICKHICTD
1o pociauH. HacmpaBai KOMaxoimHUX POCIHMH IIKABUTh HE CTUIBKM BYTJICBOJHI, SIK JDKEPETO EHeprii,
CKUIbKM MiHEpaJibHI PEYOBHMHHU 13 Tila KomMaxu. Toxk IX HE MOKHA Ha3BaTH KOHCYMEHTaMH B MPSIMOMY
cMuci ciaoBa. Pazom i3 TuM, GaraTo XrmkakiB BKIIOYAIOTh B CBil palioH pocauHHy ixy. KpiM Toro, BUmiB
MIPUCTOCOBAHMX JIO CIIOKMBAHHS JIMIIE OJHOTO SIKOTOCH IHIIOTO BUAY AYXKE€ MaJIO. BUIBIIICTh BiIIarOTh
repeBary BUCOKOMY BHJIOBOMY PI3HOMAHITTIO PaIlioHYy, IO MiBUIIYE iXHI TaHCH Ha BkUBaHHSA. OTXKeE,
MU MaEMO B PeaTbHUX eKOCHUCTeMax He Tpo(divHi taHIor, a Tpodivnai mepexi (puc. 9)

Pyx eneprii yepe3 ekocucreMy I03BOJISIE HaM PO3IUIATH 11 MOMYJSAMil Ha TPYNH 3a Y4acTio B
HpoMy. 1l m03BOJII€ Kpamie po3yMITH IiXHIO pOJIb B EKOCHCTEMax Ta OCOOJIMBOCTI EBOJIOIIHHHUX
MIPUCTOCYBAaHb. 3 IHIIOrO OOKY, BU3HAUEHHS MICUS BHUJYy B TPOQIuHIA Mepei, JO3BOJIAE MEPEUTH 10
BU3HAUEHHS KUIbKICHUX MOKa3HMKIB. barato BuMIaTHMX €KOJIOTIB Apyroi MojoBUHU XX CTOJITTS
CTBEpKYBAJIM, IIO EHEpPris €KOCHCTEM — II€ EKOJOTiYHa BaifoTa. Take CIpaBeIUINBE TBEPKEHHS
BHU3HAYa€ BAXKJIMBHUM BH3HAUEHHS KUIbKICHUX IOKa3HHMKIB €Heprii B mpolieci abo MpH IJIaHyBaHHI
OXOPOHH 1 EKCILTyaTalli eKOCHCTEM.

IIpoayuenTn IIpoaynenTn > Pegyuentn
KoncymenTn KoncymeHTH | >
I nopagky I mopagky PexynenTn
KorcymMeHTH KoncymeHTH
IT nopaaxky IT mopaaky | PexynenTn
KoHncymenTH KoncymenT P
N-ro mopsaky N-I0 mopsaaKy €AyREHTH
PeayvoenTn B
A
Pexymentn
M M T
Odbairatui .| ParyIbTaTHBHI Xuxi
OPOIVIICHTH - OPOIVIICHTH I NpoIYIeHTH
/
— v v
Koncymenta N-ro mopaaky (€7 Koncymentn II mopaaky [ KoncymenTtn I mopsiaky
Pexynentn
C

Puc. Tpu moeni TpodiuyHUX 3B A3KIB PI3HOT CKIAIHOCTI. A — OMYJIsIpHA CIIPOLIEHA MOJIENb
Tpo¢iuHOro NaHmora. B — Mozaens 3a yyacTi BOX TUIIB TPO(IUHHUX JIAHIIOTIB: «ITACOBUIITHOTOY 1
«aerputHoro», C — TpodiuHa Mepexa i3 BpaxyBaHHIM OUTBIIOCTI HMOBIPHUX MOTOKIB €HEPTii MK

€JIEMEHTaMHU €KOCHUCTEMH.



OpnHuM i3 TepHmMX BCTaHOBHB 3aKOHOMIPHICTH MEPEXOJy €Heprii MDK OKpEeMHMH JaHKaMU
tpodiunoi mepexi Paiimony Jlingeman. Lleit anrmilicekuii MikpoOionor B 1942 pomi cTBeppKyBaB, 110
nepexin eHeprii Ha BUINUN TPO(iYHUN piBEHb MPHU3BOAUTH N0 ii BTpaTH B cepeanbomy 10%. Lls ines
BUHMKaJIa B 0aratboX IOCHIAHHKIB Ii€i enoxu. Bech yac BHHUKAIOTH CYIEPEYKH IPO, TE XTO 6yB
NEPUIOBIAKPUBAYEM 3aKOHY Mepexoay eHeprii Mk piBHAMU. Bimomo, mo Take npasuio uie B 1931 pori
cOpMYIIIOBaB PAASHCHKANH EKOJOT i OleTOJIOF npodecop XapkiBcbkoro yHiBepcutery B.B.
CraunHcpkuii. OnmHak, AONS TaJTaHOBUTOTO MAOCHIAHWKA Ta MPHPOJOOXOPOHIS CKiIajgacs TParidaHo.
Buctynu Ha 3axucT MpUPOJOOXOPOHHUX O0’€KTIB, 30Kpema 3amoBigHoi Ackanii HoBoi, mpuBepHysH
yBary paJsHCBHKHX KapaJbHUX OopraHiB. byma Bimkpurta cripaBa Ipo KOHTPPEBOJIOLINHY acKaHIHCBKY
opranizaiito, Ha 4oi sikoi HibuTo 0yB B.B Cranunncekuii paszom i3 mpodecopamu A.C. CepeOpoBCbKUM
ta M.M. 3aBagoBcekuM. Ilix TopTypamMu BOHHM 3i3HaJHCS B 3MOBI i OyiM 3acy/pKeHI Ha I'ATh POKIB
BUINpaBHUX poOiT. Uepe3 yotupu poku micis 3BUIbHEHHS (1940) cnpaBa Oyna moHosiieHa. Bonogumup
Bonoaumuposuu 6yB 3HOBY 3aapeniToBanuii i momep 29 6epesns 1942 B Bosoroacekiii TIopMi.

VY cBoeMy 3i3HaHHI, BUOMTOMY CTaidiHChbKUM KaTtamu B.B. Craumncekuii mucaB: «IlocTtaBieHi x
MHOIO TEOPETUYHI MpoOIeMHu eKoJjorii Ta OioueHosorii Oy abCoIOTHO BiJlipBaHI BiJl TOCHOJAPCHKUX
Bumor.» (ApxiB CBY). HacripaBmi, ioro BigKpuTTsl Oyiau HaA3BUYANHO BaXKJIMBUMHU IS TOCIIOAAPCHKOT
JISUTBHOCTI, ajle KOMYHICTUYHHX 171€0JI0TIB Ta iXHIX MOCINaK 11e He IIKaBUJIO.

JlexTo 13 €KOJIOTIB, SIKI PO3IJISIau ICTOPII0 CBOET PiHOI HAyKW BBAXKAJIW BITKPHUBAUYEM IIHOTO
3akony JI.b. Cno6oaxkina (Mclntosh. 1985; Mapraned, 1992; Slobodkin, 1962). Onnak, amepuKaHChKUI
exosnor Jloypenc CnoGonkiH HapoIMBCS 3a TPU POKU 110 (QOPMYITIOBAaHHS IbOro 3akoHy B.B
CTauynHCBHKUM B KUTBKOX CBOIX MyOTiKaIIisX.

Cam Paitmonn Jlingeman BIAKPUTY HUM 3aKOHOMIPHICTh HE BBa)KAaB 3aKOHOM. BumbII TOTO, HaM
IIel 3aKOH BIJIOMUH TaKoX i1 Ha3Boto «mpasmwio 10%y. P.Jlinneman Bka3zyBas Ha miama3oH 0,1%-37,5%
BTpaT MpH Mepexojii 13 piBHA Ha piBeHb. 10% 1e ycepeqHeHe 3HAYEHHS JUIsl OUIBLIOCTI €KOCHCTEM,
30KpeMa I arpoeKOCUCTEM MacoBUIITHOTO TUITY. FO.OxyM, mMpUaLIsAiOUn 3aCIyKE€HO 0arato yBaru ooiry
€HEeprii B eKocucTeMax, He 3raJyBaB IIbOTO0 BUCHOTO, X0Y 1 BHIC HOro poOOTYy B CIUCOK JiTeparypu. Bin
O0araro murye B.Onyma, I.Onyma, Cigaess Xonsta Ta Yapmi EnTona, neMOHCTpyroud pi3HI BapiaHTH
MOKa3HUKIB e(eKTUBHOCTI. Y TOH ke dYac, BIH caM yacTo 3rajaye ycepenHeHe 3HaueHHsa «10%» abo
«GHWXEHHS Ha 0JuH nopsaaok» (Oaym, 1986, c. 143).

Jlnst HaimpocTimoi JIHIHHOT Mozeni Tpo(iuHOTrO JaHIfora i3 BHUKOPUCTAHHSAM Yy3arajibHEHHS
P.Jlingemana Mu oTpUMaEMO Taky 3aKOHOMIPHICTb:

E, = 10nE;, = 10(m + 1)E,

ne E, — eHeprig rpynu npoayueHris, N — piBeHb KOHCYMEHTIB, Exn — eHeprisi KOHCYMEHTIB N-HOTO
PIBHS, M — YKCIIO PiBHIB KOHCYMEHTIB, Er — eHepris peaymeHTis.

S0 MU pO3MIIBSIIAEMO CKIIAJHINIT MOJeni Tpo(iyHUX 3B’SA3KIB, TO KOXKEH IEpexiJi MU MaeMO
OI[IHIOBAaTH fK (hparMeHT NiHiiHOT cxemu. CkiajHile i3 po3raayKeHHsIMHU TpoiyHuX Mepex. B Takomy
BUNAJIKy MH MYCUMO EKCIIEPUMEHTAIBHUM IUIIXOM BCTAHOBIIOBATH KOCQIIEHTH MEpexoay eHeprii i3
pIBHSI Ha PIBECHb.

3. 3aranbHi NPUHOMOM  MOJEJIOBAHHSI  €KOJOTiYHHX CHCTeM 3a  JIONOMOIOI0
audepeHniaTbHUX PiBHAHD, CTALIOHAPHI PO3B’SAI3KH Ta IX CTIMKICTD.

[TosiBa niHiMHOT MOJIETi B MOEIHAHHI 13 KPAaTHUM 3HMKEHHSIM €HEprii MpU3BIB 10 (GOPMYIIFOBAHHS
3aKOHY OJIHOCIIPSIMOBAHOCTI MOTOKy eHeprii. HacmpaBni, mell 3akoH He MO)KHa TpakTyBaTH B
a0COJIFOTHOMY PO3YMiHHI. 3BHYaifHO, yepe3 JeTPUTHI JJAHIIOTH 1 XM)KUX POCIMH PYXA€ThCs B 3BOPOTHOMY
HampsiMi He3Ha4yHa KiIbKicTh eHeprii — 0,25%. Taka BenuuynHAa HE TOBOPUTH MPO KPYrooOir eHeprii.
OnHak, B €KOJOTIYHOMY aHaii3i MOTpPiOHO YHMKATH JIHIMHOCTI 1 NMOBEPXHEBOCTI MHUCIEHHS. A 1ie
HEOOXIJJTHO 3aBXKJIM OCTepiraThcs HpSAMOro TpakTyBaHHA MeTadop. Ha Moo nymMKy i3 HUM 3aKOHOM
BilOyBaeThcsi came Taka ictopis. I'. OxyMm roBopuTth, IO L€ 3aKOH OOMEXye MpsiMi aHajorii i3
«EKOJIOTTYHOIO BAJIOTOIO». AJKE, pealibHa BallOTa PyXaeThCsl MOCTIHHO BiJl CIOXHUBayda A0 BUPOOHHKA.
SIKIIIO MPOCTEXXUTU PyX OKPEMHUX KBAHTIB €HEPrii uepe3 eKOCUCTEMY, TO MU IIOMITUMO, III0 BOHH PaHO YU



MI3HO 3HUKAIOTH B Tpo(iyHMX JaHmtorax. OKkpema TpUBHS 4M JI0JIap MOXKYTh ICHYBaTH JOTH, JOKH HUMH
KOPHUCTYEThCS TM€BHA CHUIBHOTA. TOMi, KOJM KOHKPETHI KBAaHTH €HEpPrii 3HHUKAIOTh, iXHI TOTOKH
POJOBXKYIOTh iCHYBaTH. ToOTO, Iieif 3aKOH ONMHCYe HE yCi MOTOKH €Heprii B eKocHcTeMax, a JIMIIe
OCHOBHY IXHIO YacTUHY. BUIbII Ba)JIMBOIO € 3aKOHOMIPHICTB, SIKa OMHCY€E ICHYBaHHS OKPEMHUX KBAaHTIB
eHeprii oTpumMaHux 6i0TO0. MU MOXEMO TOBOPHTH, IO HMOBIPHICTh ICHYBaHHS OKPEMHUX KBAHTIB
€Heprii TOCTYMHUX [Tt 010TH 3HWKYETHCS ITiJ] 9ac PyXy TpOo(IIHIUMHU JIAHITIOTaMH HE3aJICXKHO BiJ] IXHBOTO
Hanpssmy. Tak myxonoBka crpokata (Ficedula hypoleuca) i pocuuka kpyrmosucra (Drosera
rotundifolia L) orpumarots Bix 3Buuaiinoro komapa (Culex pipiens) suiie nmeBHUi BiICOTOK KBAHTIB, SKi
BiH Ma€ Bix KpoBi cBOiX epTB. [Ipu 11bOMy, OCTaHHS, OTPUMAE JIUIIIE EKOHOMIIO €Heprii Ha BUIOOYBaHHS
MiHEpAIbHUX PEYOBHH B CBOEMY OJIITOTPOPHOMY E€KOTOTII.

KrnacudHe TpakTyBaHHS 3aKOHY OJHOCIPSMOBAHOCTI €HEprii mpu3Beio 10 MOOYJOBU KLTBKOX
IIPOCTOPOBUX Mojeneil — exosoriyHux mnipamia. Cepen HUX HalOUIbII MOMYASPHUMH € TpH: Mipamiaa
O0lomac, eHeprii Ta uucen. L[i Momeni mpupaTHi A7 3arajibHOI XapaKTEPUCTUKU EKOCHUCTEM, ajie
CTBOPIOIOTH MPOOJIEMH TTiJT 4ac pOOOTH 13 KOHKPETHUMHU €KOCHUCTEMA 1 HaBITh OKPEMHUMHU IXHIMU TUIIAMH.

Ok Oxym, 3a 0coO6IUBOCTI eHepro3ade3neyeHHs, NOIUINB yCI €KOCUCTEMH CBITY Ha KUIbKa
Ipymn. Ye 13 aHali3y 3aKOHY OJIHOCHPSMOBAHOCTI €HEprii MU pO3yMiEMO IO €KOCHUCTEMA € HE MPOCTO
BiZIKDHTOIO cHCTeMOlo. li 6ioTa OTpUMye eHepriro i3 30BHINIHIX JKepeld. ICHYBaHHS 3aMKHEHMX
€HepreTUYHUX LMKIIB PaHO YW MI3HO MPU3BOJUTH J0 BHUCHAXEHHs pecypciB 1 3arubeni. Lle moxe Oytu
OJIHUM 13 J10JIaTKOBUX NOsICHEHD napanokcy depmi* (Benukoro MoBuyanHs). SIkumu 6 He BETMKUMU OyiH
XIMI4H1 JKepena €eHeprii aje BOHM Bce pPIBHO oOMexeHl. be3 mepexoay 1o Ouibll JOBrOBIUHOT
€JIEKTPOMArHiTHOT €Heprii 3ipOK BOHH HE JIMILE BUYEPITYIOTh HEOOXIHI PECYpCH, 3BOSUU IX IO KUTBKOX
oOMeXeHHX MICIb NOB’A3aHUX 13 JISUIbHICTIO HAJp, a K 3a0pyAHIOIOTh CEpeOBHILE CBOIMH BI1IXOJaMHU.
MoxHa TPUIYCTATH, HA OCHOBI CIOCTEPEKEHHS 3a 130JIbOBAHMMH a00 HAMiBI30JbOBAHUMH
€KOCHCTEeMaMH, 110 BOHU 31aTHI Mo110HO 10 poToTpodiB cnpuunauth aHaior Kucuesoi katactpodu. Lle
MOXe OyTH TIepeHaCHYCHHS OKHCICHHUMH (OpMaMH PI3HOMAHITHHX eJeMeHTiB. BoHM cmoyaTky
00’€IHYBaTUMYThHCS 13 OUTBIIT aKTHBHUMH MeTajaMH B cojil. Hepo3uuHHI cotl 0cilaTUMYTh Ha THO MOPIB
Ta OKEaHiB, a PO3UYNHHI 3ATHIIATUMYThHCSI B HbOMY ITIIBUIIYIOYH 3aCOJIEHICTh. 3 4acOM, KOJIH MOKIIUBOCTI
HEUTpaTi30BYBaTH YTBOPEHI KaTIOHW TIIPOTEHY Ta KUCHEBMICHI aHIOHM 3HU3STHCS, MOYHE 3POCTATH
KHCJIOTHICTh. TaKM YMHOM BHYTPIIIHI JKEpeia eHeprii paHO UM M3HO BUYEPITYIOTHCS 1 Ha IJIaHeTaX, /e
HE BHHHUKIIA 010Ta, 110 KOPUCTYETHCS MO3AMJIAHETHOIO €HEPTi€l0, KUTTS MPUIUMHSIE CBOE ICHYBaHHS abo
CHOBUIBHIOE X1 eBotorii. Ha Takux mimanerax OyayTh JHUINE OKpEMi JOKaIbHI IUIIMKH HAWUIIPOCTIIIIOTO
KUTTS, HABKOJIO JDKEpeNl OKUBJIEHHS a0o0 B  HallMeHII «3a0pyIHEHUX» MICHAX, 3aMICTh
0araToKiTIOMETPOBOI IJTIBKH KUTTS, IO 11 MOBHICTIO OXOILIIOE.

Takum YMHOM, MM MaTHMEMO Ha PiBHI MPOAYIICHTIB HAMOUIBITY KUTBKICTh €HEPrii, a Ha KOXKHOMY
HaCTYITHOMY PiBHI iXHS KUIBKICTh 3MEHIITYBATUMETHCA. 3TIHO 13 JIHIHHOIO MOJEIUII0, MPOCTOPOBO II€
HaraJyBaTHUMe Mipamimy.

PexyueaTn
E,= Ew/10

KoncymenTan N-ro mopsiary
E.~10"E,

IIpoaynenTn
E P

Puc. ITipamiga enepriii. YMoBHI no3HaueHHs: Ep — eneprist npoaynenris, Ex — eHepris KOHCyMEHTIB, N —
HOMEp MOPAIKY KOHCYMEHTIB, EI — eHeprist pelylieHTiB, M — YUCII0 PiBHIB KOHCYMEHTIB.



Jlexuist Ne 7
Tema: MoaentoBaHHS TUHAMIKA YHCEIBHOCTI OKPEMUX MOIYJIAIIH.
Merta: Po3kputu 0co0mmBOCTI
[Ipodeciiina copsimoBanicTh. Martepian Jekiii 3HAHOMHUTH MaWOYTHIX CIEIIATICTIB EKOJIOTIB 13
0COOIMBOCTIMH
[Inan
1. «KopcTki» Ta «M’sKi» MaTeMaTHIHI MOJAEII TUHAMIKH TTOTTYJISIIiH.

Teker

1. «¥KopceTki» Ta «M’AKD» MaTeMaTH4YHi MOJeJIi AUHAMIKHM MOMYJISIIiH.

PiBusinns JIOTKM — BonTheppi ab0 piBHAHHS XMXKAKiB — >KEPTBA — CHCTEMA JIBOX 3BHYANHHUX
TuQepeHIialbHIX PIBHSIHb MEPIIOro MOPSAKY, sIKa ONMHUCYE KIHETUKY YHMCEIbHOCT1 MOMYJNALIl 3 OJHUM
TUIIOM XHXaKiB 1 OJTHUM THUIIOM >K€pTB. XapaKTEpPHOIO OCOOJIMBICTIO PIBHSAHB € TE, L0 iX PO3B'I3KOM €
aBTOKOJIHHS. PiBHSIHHS 3ampomnoHyBanu He3anexxHo Anbdpen Jxerimc Jlotka Tta Bito BombTeppa, y
1925 ta 1926 pokax, BiIIOBITHO.
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Jle X — KUTBKICTh KEPTB, HAIPUKJIIAI, 3aiIIiB, Y- KUIBKICTh XMIKaKiB, HAIPUKJIA] BOBKIB, o, 3, v, O -
0 meBHI mapaMeTpu.
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time
ABTOKOMWMBAHHA YWCMEHHOCTI =
EU#AKe (Y4epBOHA KDWMBA) T3 MEepTE
(CUHA EpKBEA)

Jlexuist Ne 8
Tema: MogentoBaHHS 1 IPOTHO3YBaHHS T00aIbHUX 610chEepHHUX MPOIECIB.
Mera: Po3kputu 0co0IMBOCTI MOAETIOBAHHS 1 IPOTHO3YBAaHHS II100aIbHUX 010CepHUX MPOIIECiB
[Ipodeciiina copsimoBanicTe. Matepian nekuii 3HaHOMUTH MaWOYTHIX CIEIIATICTIB €KOJIOTiB i3
0COOJIMBOCTSIMH MOJIENIOBAHHS 1 POTHO3YBaHHS INI00aIbHUX 0i0c(hepHUX MPOLECIB
[Lnan

1. Mogeni Pumcrkoro kiny0y: moaens @oppectepa.

2. MogentoBaHHs B MPOIIECi OLIHKU CTPATEriil pO3BUTKY CYCIIUIBCTBA.

3. MogentoBaHHs B Ipolieci BUOOPY Ta OLIHKHM CTPATErii CTaJIoro po3BUTKY

Texcrt



1. Moaeai Pumcbkoro kiayoy: mogenan @oppecrepa.

VY 1972 poui y MaccauycercbkoMy TEXHOJIOTTYHOMY IHCTHTYTI — OJHOMY 3 HaWcTapimmx i
HaiiBimomimmx HaBuanbHuX 3aknaniB CIIA — mig KepiBHMLTBOM cCHeIiamicta B Taixy3i CHCTEMHOT
muHamiku Jlernica Memoy3a Oyma miAroToBiieHa mepina JOmoBiab s "PumMcbkoro kmyOy" — "Mexi
3pocTanHsa". MeJoy3 BHKOPHCTOBYBAaB y CBOEMY IOCII/DKEHHI €KOHOMIKO-MaTeMaTHyHi mojaeni Jlxes
doppecrtepa, npodecopa NPUKIAIHOT MATEMATHKHU IBOTO X IHCTUTYTY. Mozeni naBanu rpy0y imMiTariro
3araJlHOCBITOBOTO PO3BUTKY 3a JIOTIOMOTOIO JEKIIBKOX TJI00ANIHUX KAaTETOpiil Ta y iX B3a€MO3B’S3KYy —
HACEJICHHS, KaIliTAJIOBKIIAJICHHS, BUKOPUCTAHHS HEBITHOBIIIOBAaHUX PECYPCiB, 3a0pyIHEHHS CEpEIOBHIIA,
MPOJIOBOJIbYI BUPOOHHUIITBA. Pe3ynpTaty MOCHiDKEHHS JaBajyd HaWNOXMYpIlIl MPOTrHO3M HAa MaiOyTHE:
gyepe3 CiMIEecAT I'ATh POKIB, CBiIYMiIa JOTOBiAb, CHPOBHHHI pecypcu OyayTh BuYepnadi, a Opak
IIPOJIOBOJILCTBA CTaHE KaTacTPO(IUHUM, SKIIO €KOHOMIYHUN pPO3BUTOK HE Oy/e 3BEJEHO 10 IMPOCTOTrO
BIITBOPEHHS, a MPUPICT HaceleHHs 3emiil He OyJe MOCTaBICHWM MiJ KOPCTKUHA KOHTpPOJb. BUCHOBKH
JIOTIOBI/I OJiepKalid Ha3BY KoHuemniii "HymeoBoro pocty". Tak, 3a ominkamu rpynu [[.Doppectepa,
KaM’SIHOTO BYTiuIsl Majo BUcTayuTH Ha 110 pokiB, Xxpomy - Ha 96, HapTH - HA 36, IPUPOAHOTO Tra3y - Ha
24. IloniOHux xe BUCHOBKIB fiiiiu B 1976 p. excneptu FOHECKO. Came 3 1poro yacy Taki BU4EpIHI
KOTAJIMHHU, K Millb, OJIOBO, Cpi0JI0 OTpUMAIM IMO3HAUKY 'cTpareriyHi" 1 cTajqu MpeaMETOM OCOOIMBOT
yBaru po3BUHEHUX KpaiH B KpaiHax "TpeTboro cBiTy".

3a BUCHOBKOM aBTOpIB [OMOBIiIi, 32 YMOBHU 30€peXeHHS ICHYIOUMX TEHAEHLINH HayKOBO-
TEXHIYHOTO MPOTpecy, HEKOHTPOJIbOBAHUX JeMOrpadiyHUX MpoleciB, 3a0pyIHEHHS cepeloBUINA Ha
moacTBo B mepiriid nosoBuHi XXI cT. yekae rnoOanbHa KaracTpoda. BHUCHOBOK BHKIMKAaB MIOK 1
pO3ryOJIeHICTh Y OJTHUX, HEJOBIPY - Y IHIHMX. K nUIsX 3amo6iranHs riao0aibHiA eKOJOTTYHINA KaTacTpodi
O.Menoy3 1 JIx.®@oppecrep 3ampomnoHyBalu 11€i, MO CTald OCHOBOIO KOHIICMIII BCTAaHOBJICHHS
r100abHOT PIBHOBAru MK TIPUPOIOTO 1 IFOJACTBOM. Takoro cTaHy MOKHA JOCSTHYTH 1 MIATPUMATH, SKIIIO
HE HapoIIlyBaTH BHPOOHMIITBO 1 3BECTH NMPHUPICT HApOJOHACENEeHHS 10 Hynsa. Lls koHmenis orpumana
Ha3By KOHIENIl HYJIbOBOIO MpUpOCTy. OTXe, KOHLENTyalbHI 3acaau YsIBICHb PUMCBHKOro Kiyoy
OPIEHTYIOTh Ha TEBHI COIIOEKOHOMIYHI 3MIHU B ICHYBaHHI JIFOJCTBA, 10 J03BOJIMJIO O 30€perTtu mpupoy
TaKo0, KOO0 BOHA €.

2. MoaeioBaHHsI B Polleci OHiHKM CTpaTeriil po3BUTKY CyCHiIbCTBA.

Mopnens MecapoBuua-Ilectens omucye CBIT HE HPOCTO AK OJHOPIAHE I, a SK CUCTEMY
B3aeMo3ajekHUX 10 perioHiB, B3aEMOJIisI MK SKUMU 3IIMCHIOETHCS Yepe3 eKCIOPT — IMITOPT 1 MIrpariito
HaceneHHsT PerioH — 1e BXK€ COIIOKYJBTYPHUH IapameTp, IMJACUCTEMa B TJ00adbHIA CyCHUIBHIN
cucteMi. | Xxo4a BiH BHUIUIAETHCS 32 EKOHOMIYHHUMH 1 TeorpadiyHIMU KPUTEPIIMH, aje 3 BpaxXyBaHHIM
NESKUX COIIATbHUX 1 KYJIBTYPHUX XapaKTEPHCTHK: I[IHHOCTEH 1 HOPM CITIBTOBapuCTBa. Y MOJEi
MecapoBuya-Ilectens nependadeHa MOKIUBICTh YIPABIIHHS PO3BUTKOM. TyT MOKHA 3adiKCyBaTH TaKi
€JIEMEHTH COIIOJIOTTYHOTO MIAXO0MY, IK METH Opranizailii, Cy0'eKT yHpaBIiHHS, 110 IpUiMae pillieHHs Ha
OCHOB1 BU3HAYEHHX I[IHHOCTEH 1 HOPM. ABTOpH 11i€1 MOJEN1 NPUNUIIUIA 10 BUCHOBKY, IIO CBITY 3arpOXKYye
He robanpHa KatacTpoda, a 1ia cepist perioHalbHUX KaTacTpod, 110 MOYHYTHCSA 3HAYHO paHille, HLK
npopokyBanun Doppecrep 1 Menoys. Konnenuii "rmo6ansHoi piBHoBaru" aBtopu mozeni "Cpir-3"
MPOTUCTABWIIM KOHIEMI[I0 "OpPraHiyHOro 3pocTaHHA" 4u Iu(EpeHIIHOBAHOTO PO3BUTKY PI3HUX
€JIEMEHTIB CHUCTEMH, KOJIA B OKpeMi Mepiojy IHTEHCHUBHE 3POCTaHHS OJHUX IMapaMeTpiB Y BHU3HAYCHUX
perioHax CyHmpOBOJKYETbCS OPraHiYHUM pOCTOM B iHINI. OJHAK HiSAKI I100ajdbHI MOJENI HE 3MOTIIH
nepeadadynuTH TUX KOJOCAJIBHUX 3MiH, 10 BiIOynucs B Ipyrii nonoBuHi 80-x - mouatky 90-x y CxinHii
€spori 1 Ha Teputopii CPCP. 1li 3MiHu icToTHO MOoAM(DIKYyBaM XapakTep IUIMHY INI00aIbHUX MPOLIECIB,
OCKUIBKM BOHM O3HAuaJd NPUIMHEHHS '"XOJIoAHOI BiHHU'", IHTEHCH(}IKalilo Mpoluecy po330pOeHHs,
ICTOTHO BIUIMHYJIM HAa €KOHOMIYHY 1 KYJIbTYPHY B3a€EMOIIO.

Y 1970 poui [x. Poppecrep OyB 3ampoineHuil Ha 3ycTpiy Pumcekoro kinydy y bepHi,
HlIBeitapis. PuMcekuii kiay0 - 1e opraizailisi, CTBOpeHa JUJIsl BUpPIIIEHHS MpoOiieM, sKi WieHH KIyOoy
Ha3UBAIOTh «KPU3aMU JIIOJICTBA», TOOTO INI0OANBHUX MPOOJIEM, sKi MOXKYTh KOJH-HEOyIb BUHHUKHYTH B
MallOyTHROMY 4Yepe3 3pOCTaHHsI HACEJCHHS 1 CIOXMBAaHHSA OOMEXEHHMX MPUPOJHUX MOXIMBOcTed. Ha
3yctpiui B bepni ®oppectepa 3amuTanu, yd MOXe OYyTH 3aCTOCOBaHAa CHCTEMHa JUHAMIKA IS
nependaveHHs: TakoTo poAy mpobiem. | 3BudaiiHo, BiH BiAMOBIB, 0 Moxe. [loBepratounch Ha JiTaKy 3



bepna, BueHMIT CTBOPUB MEPIIUIl YOPHOBHM BapiaHT MOJEJNi CHCTEMHOI TUHAMIKH CBITOBOI COLIIAJBHO-
eKoHOMIYHOT1 cuctemu. Bin Ha3zBaB 1o monens «World 1» (Csir 1). Ilicns nmoepuenns no CIIA,
doppecrep mepepoOUB MOJENb ISl MATOTOBKU Bi3UTY WieHiB Pumcekoro kiry0y B MTI. HoBy monens
BiH Ha3BaB «World 2», axy BiH omyOiikyBaB y cBiif kuu3i. Ilicns Buxoxy kuuru «CBiTOoBa IMHaAMiKay,
BOHA MPUBEPHYJa BEIWYE3HY yBary ayautopii. Monens «World 2» BinoOpakana BaXKIHMBi B3a€EMO3B'S3KH
MDK HacCeJICHHSIM, IPOMHCIOBICTIO, 3a0pyIHEHHSIM, pecypcamu 1 Dxero. Mojens mMokazyBajia KOJIAIC
CBITOBOT COIIIQTbHO-EKOHOMIYHOI ccTeMH B 21 CTOJITTI, SIKIIO HE OyAyTh MPHUUHATI MEBHI KPOKHU IIIOJI0
3HIKEHHS CIIOKHUBAHHS MIPUPOTHUX pecypciB. Monenb Oyina Takok BUKOPHCTaHA JIjIsl BA3HAYCHHS 3MiH B
MOJTITUITL, 3JATHUX CTA0LTI3yBaTH PO3BUTOK CBITOBOi EKOHOMIKH B MaiiOyTHEOMY.

doppecrep crBopuB mepiri moaeni \ "Csir-1 \" i \ "Csir-2 \", ski BimOMBaiu TEHICHIT Ta
B3a€MO3B'SI30K 5 TOJOBHUX 3MIHHUX: HACEJCHHS, KaIliTally, pPecypciB, 3a0pyIHEHHS HaBKOJUIIHHOTO
CepeloBHINA 1 BUPOOHUIITBA MPOo0BOJILCTBA. Mojens doppectepa Mana monepenHiid xapakTep 1 gaBaia
JUIIE 3arajbHi BHUCHOBKU. Y BIANOBAb Ha MNOMYJSIpHICTE «CBITOBOI AUHAMIKW» PuMcbkuil kiyo
3allpONOHYBAaB OpTaHi3yBaTH MOTJIHOJIEHEe BHUBYCHHS MPOOJIEM JIOJCTBA 3a JOMOMOTOI0 CHUCTEMHOI
nuHaMmiku. Xoua @oppecrep ToAl OyB 3apolIeHUi, 1100 MPOJOBKUTH CBIM MPOEKT «/{MHaMiKa pO3BUTKY
MICTay, ajie BIH BI/IMOBHMBCS OpaTu B HbOMY y4acThb. AJi€ 3alpONIOHYBAaB CBOEMY KOJUIIHBOMY CTYJIEHTY
JHenucy Menoy3 npoBectu 11e AociipKkeHHs. Mogens, ctBopeHa Menoy3om Oyna HazBaHa «World 3» 3a
aHaJIOTI€I0 3 MomnepeHIMU 1 Oyia omy0OikoBaHa B Horo kHU31 «Mexi1 3pocTtanHsa». Xoua monens «World
3» Oyna 6ub ckiagHo, HX «World 2», BoHa neMOHCTpyBaja Taky X (yHJAaMeHTalbHY MOBEAIHKY 1
IIPOJIOBKYBaJIa OCHOBHI 171e1 CBOro nonepeaHuka. Hespaxaroun Ha 1moai0HOCTI, KHUTa «MexXi 3pOCTaHHSD»
CTaJia HaBiTh OUTBII MOTYJsipHA, HDK «CBITOBA AUHAMIKa» Doppecrepa.

3araipHi pe3ynbTaTd B LUIOMY MIiATBEPAMIN monepenHi BUCHOBKU dDoppectepa. «Y KUIBKOX
CIIOBax 1€ MOXKHA BHUpa3uTH Tak, - numie Ileuyei (3acHoBHMK Pumcekoro kiyOy) - Ilpu 36epexenHi
HUHINTHIX TEHACHIIIN 0 3pOCTaHHS B yMOBaX KIHIIEBOi 3a CBOIMH MaciiTabamMu IJIAHETH BXKE HACTYIHI
TTOKOJIIHHS JIFOJICTBA JAOCATHYTh MEXK AeMorpadidHOl Ta EKOHOMIYHOT €KCITaHCii, 1[0 MPU3BEIe CUCTEMY B
LUJIOMY JI0 HEKOHTPOJIBOBAHOI KpU3M 1 Kpaxy». | mius Toro, mo0 YHUKHYTH MaiOyTHIO TJ00abHY
Karactpody, Ha 3MiHY TPaJMIIIMHINA MapagurMi TEXHIKO-€KOHOMIYHOTO 3pPOCTAaHHS IOBWHHA TPUUTH
napajirMa «CTaJoro PO3BUTKY». Y KHHU31 «Mexi 3pocTaHHs» Menoy3 1 WOro KOJIETH BHCIIOBITIOBAIN
HaJi0 Ha Te, IO JIIOJICTBO Bi3bME TOIEPEHKYBAJIbHI 3aX0/Id 3 OOMEXKEHHS Ta PETYIIOBaHHS POCTY 1
nepeopieHTanii foro nuiei, ki AO3BOJATH YHUKHYTH HAIMIPHOTO HABaHTAaXEHHS HA HABKOJIMIIHE
CEpelIOBHINE 1 BUXOIY 3a Mexi camomiaTpuMku 3emun. OjHak, Ha IXHIO OYMKY, «9UM Jajl, THM
Oosrouinie OyAyTh Il 3MIHM 1 THM MEHIIE IIAHCIB 3aJUIIATUMEThCA Ha KiHIEBHH ycmix». OpHak
paavKaabHi 11e1, 3aponOHOBaHI B KHU31 « MeXi 3pOCTaHHs», BUKIUKAIN BKpail HEOTHO3HAYHY PEAKIIIIO |
OJ1HI 11 3aXOIJICHO BITAJIM, HIII MIJATH «HEMUTIOCEPIHUM MTPOKIISATTIMY.

3. MoaesioBaHHsI B Ipolleci BUOOPY Ta OIIHKH CTPATerii CTaJ0ro po3BUTKY

inkom nependauyBano kHura «Mexki 3pOCTaHHS» cTaja CBITOBHUM OecTcenepoM (3 4acoMm Horo
nepeBenu OUTbIN HDK Ha 35 MoB). HaTxHeHi ycmixoMm cBoei meprioi kuurd, Jlennic Menoys 1 ioro
COpPaTHUKHU MPOJOBXKUIN POOOTY HaJ MOJAEIUIIO 1 Yepe3 IBaIATh pokiB, B 1992 pomi, onyOmikyBanu ii
CIKBEJI, IO OTpUMaB OuTbII epeKTHY Ha3By, - «3a MexaMu 3pOCTaHHs : riolanbHa KaracTpoda uu
cTabutbHe Maii0yTHe ». [0JOBHMI BHUCHOBOK Jpyroi KHUTM OyB TPUBOXKHHM: BHXII 3a MEXI
CaMOMIATPUMKH 3emili Oibllle IrHOpYBAaTH HE MOKHA, OCKUIBKU II€ BXK€ JOBEJCHMM (hakT: y cepeauHi
1980- x «3aranbHe HaBaHTA)KEHHS Ha JOBKLLISA 3 OOKY JIOACTBA MEPEBHIIWIA MIITPUMYIOUY 3aTHICTD
wianet» Ilpotsrom ocrannix 20 pokiB yBary doppecrepa Oyiao choKycoBaHO MEpPEBaKHO Ha JBOX
HampsMKax: 1) CTBOpeHHS MoOJel CUCTeMHOI auHamiku Juist ekoHoMiku CIIA 1 2) posmmpeHHs
BUKJIQJIaHHS CUCTEMHOI1 AMHAMIKM, IMOYMHAIOUM 3 JUTSAYMX CaJKiB A0 YHiBepcuteTiB. Poppectep
pO3risiiaB CBOI MHUHYNI NMPOEKTH SIK IMPOBiAHI J0 CTBOPEHHS HOBOI €KOHOMIYHOi HayKH 1 HOBOMY
(byHIaMEHTaJIbHOMY PO3YMiHHI MPUHIMIIIB POOOTH MaKpOEKOHOMIYHMX cucTeM. BiH BBakaB OCTaHHIH
MPOEKT K KPUTUYHO BAXKIMBUN HE TUIBKU JJIS MPOIBITAHHS METOIY CHCTEMHOI AMHAMIKH, aje TaKOkK
JUTSL IPOLIBITAHHS BCHOTO JIFOJICHKOTO CYCHUTBCTBA.

Po6otu uneniB Pumcekoro xiyOy, ctBopenHs opraxizanii MAB IOHECKO Ta opranizoBani
MacIuTabH1 TOCIKEHHS IPU3BENIN 10 pO3poOKU cTpaTterii ctanoro po3BuTKy. Ctanuil po3BUTOK (aHIJI
sustainable development) — 3aranpHa KOHIIENIlSE CTOCOBHO HEOOXIIHOCTI BCTAHOBJICHHS OallaHCY MDK



3aJI0OBOJICHHSIM Cy4acHUX MOTpeO JIIOJCTBA 1 3aXMCTOM IHTEpeciB MailOyTHIX MOKOJIiHb, BKJIIOYAIOYH iX
noTpedy B Oe3medHoMy 1 370poBOMY AOBKLLIL SK chopMyltoBasia BU3HAYCHHS CTAJIOTO PO3BUTKY Y
cBoiit jonosini Komicis bpynarnann, e «po3BUTOK, SIKUI 3a10BOJIBHSIE TOTPEOH HUHIIIHBOTO MOKOJIHHS
03 IKOU JIIsl MOKIIMBOCTI MalOYTHIX MOKOJIIHB 33/10BOJIBHATH CBOI BJIacHI HOTPEOH»

Jlexuist Ne 9
Tewma: [IpuknagHi aCEKTH MOJICTIOBAHHS
Merta: Po3kputu 0coOmmuBOCTI
[Ipodeciiina copsimoBanicTh. Matepian Jiekiii 3HAHOMHUTH MaWOYTHIX CIEIIATICTIB €KOJIOTIiB 13
0COOIMBOCTSIMH

IInan
1. MopentoBaHHS 1 IPOrHO3YBaHHS HACIIAKIB @aHTPOIIOT€HHOTO BIUIMBY Ha TOBKLIIS.
2. AmnanmiTM4HE MOJCTIOBaHHS (I3MYHUX W OIOTHYHMX WPOIECIB y MOBKULII il BIUTHBOM
AQHTPONOTE€HHUX YMHHHUKIB 1 IPOTHO3YBaHHS HACIIAKIB I[bOTO BIUIMBY.
Teker
1. MoaesiroBaHHs i NPOTrHO3YBAHHS HACHIAKIB AHTPONOT€HHOI'0 BIUIMBY Ha JOBKIiJJIS.
Opna 3 HalCKIaTHINKUX TPOOJIEM CHUCTEMH YIPABIIHHA — MepeadadynuTH MailOyTHe 1 BiTHAWUTH

e(eKTHBHI PIIICHHS B YMOBaX HEBU3HAYCHOCTI.

[HCcTpyMeHTOM MiHIMIZAIl HEBU3HAYEHOCTI CIYTYE HPOCHO3)8AHHS, A NPOSHO30M HA3UBAIOTh
HayKOBO OOIPYHTOBAaHMH BHUCHOBOK NP0 MaiOyTHI1 MOAii, MPO MEPCIEeKTHUBH PO3BUTKY MPOIECIB, MPO
MO>KJIMBI HACTIIJIKU YIIPABIIHCHKUX PIlIEHb.

Tepmin "mporno3" - rpenpkoro noxoikeHHs. Lle cioBoO 03Hayae CymKEHHS MPO CTaH SIKOTO-
HeOy1b 00'ekTa ab0 sBUIIA B MAallOYTHHOMY.

[IporHo3yBaHHsI mependadae CUCTEMY HAYKOBHX JIOBEICHb, BUKOPUCTAHHS METOMIIB 1 MPUHOMIB 3
pi3HEM cTyneHeM (opmarizallii, y3ro/KEHICTh OKPEMHX BHCHOBKIB 1 OIIIHOK IIOJAO MaiOyTHBOTO
PO3BUTKY MPOIIECY.

Ilim exoJOTIYHMM TPOTHO3YBAHHSIM PO3YMIETHCS TepeAdadeHHs CTaHy TakKOi CHUCTEMH, cCepen
ICTOTHUX €JeMEHTIB sKoi ¢irypye xoua O oaHa OIOTMYHA KOMIIOHEHTAa EKOCHUCTEMH (TIOIYJISITiS,
CIIBTOBApUCTBO, CHHY31S 1 1H.). [HCTpYMEHTOM €KOJIOT1YHOT'O MPOTHO3YBAHHS € €KOJIOTTYHUI MPEAUKTOP
- MoJielib (He 000B'A3KOBO MaTeMaTHU4HA), sIKa CIIY>KUTh JUIsl JOPMYBAHHS €KOJIOTTYHOTO IPOTHO3Y.

OkpeMHuii eKOJIOTTYHUN TIPEAUKTOP, MOOYIOBAHUN MOAEIBLEPOM (ITiJ] MOJCITBLEPOM TYT PO3YMIETHCS
JIIOJTMHA, KOJIEKTHUB, OPraHizailis, 1o po3poOJIIIOTh MOJIeb, a00 mporpama, 1o CUHTE3Y€E MOJEIb, 1 1H.),
HA3MBA€ETHCA MPEIUKTOPOM-IHIUBIYYMOM.

Hexait nporuo3 3miau moka3Huka Y BHPOOJISETHCA N OKPEMUMH MPETUKTOPAMU-THAUBIAYYMaMHU,
MoOy/I0BaHUMHU PI3HUMHU MeTojamu (a0o0/i piI3BHUMH MOJENbepaMU) 1 MPU3HAYCHUMHU IS JTOCSITHEHHS
onHiei metu. OpraHizaiis iX y cucreMy Moke OyTH 3/iiicHeHa a00 HUIIXOM KOMILIEKCaIii MPOTHO31B,
ab0 MNUIIXOM KOMILIEKcallii camux mpeaukTopiB. Ilim komriuiekcariero mporuosis Y(1), ..., Y(n),
OTPUMAHUX 3a JOMOMOTOI N NPEIUKTOPIB-IHIUBIAYYMIB, OYIEMO pPO3YMITH TPOLEC PO3POOKU
ONTUMAJIFHOTO B JIEIKOMY 3MICTI MPOTHO3Y Y* Moka3sHUKa Y, IO CIYXHUTh Tid ke MeTi 1 € (PYHKII€I0
BHXIJTHUX IPOTHO3IB:

Y* = F[Y(1), Y(2), ..., Y(n), X].

[Tporuo3 Y*, oTpuManuii y pe3ynbTari KoMIuiekcarii okpemux mporHosis Y(1), Y(2), ..., Y(n),
OyzaeMo Jlali Ha3UBaTH KOJIEKTUBHUM MPOTHO30M (KOJIEKTUBOM IMPETUKTOPIB).

CucreMa npeauKTOpiB MOBUHHA OYTH OpraHi30BaHUM Tak, 1100:

— Ho-mepiie, ChpaiboByBaB €(eKT CHCTEMHOCTI TNy '"Liie Oulblle CyMH CBOiX
qacTUH'": HAAIHHICTh MPOTHO3IB KOJIEKTUBY IMpPEIUKTOPIB MOBHMHHA OYTH BHILE HaIllfHOCTI
Kpaloro 3 MpeIuKTopiB-iHANUBITYYMIB - WICHIB KOJIEKTUBY;

— [O-Jpyre, MPOTHO3U CUCTEMH NPEAMKTOPIB MOBHHHI OyTH pOOACTHUMU: MOMUIKU
nepeadadeHb Majioi YaCTHHU MPEAUKTOPIB-IHAUBINYYMIB Y KOJEKTHBI, SKUMU 3HAYHUMU BOHU
0 He OynH, MOBHUHHI HECYTTEBO MO3HAYATUCS HA HAIITHOCT1 KOMITJIEKCHUX MTPOTHO3IB;



— [O-TPETE, s eNiMiHaIlli OMHIMOTEHTHOCTI (aKTOPOB B CUCTEMY IOBHHHI

BKJIIOYATUCH caMi "kpaii" Ta cami "HecX0oxi" MK coO00 MPEeTUKTOPH -1HIUBITYYMHU.

OnHi€I0 3 OCHOBHHMX XapaKTEPHCTUK EKOJOTIYHOT'O MPOTHO3Yy HEOOXiAHO BBAaXKATH JETABHICTH
¢dbopmymOBaHHA MPOTHO3Y. JleTanpHICTh MPOTHO3Y MOKJIMBO pPO3MNIAJaTH B PI3HUX paKypcax: 3a
CTPYKTYpOI0, mapamerpam i T.1. [Jlani OinbIn geTanbHUM OyAeMO BBaXKAaTH MPOTHO3, CHOPMYIbOBAHHUH Y
Outpin cwibHIN mkami. [Ipornos3, chopmynboBaHWMN y KUIBKICHIA MIKali, - HAWTYK4Wid, MPOTHO3 Yy
PaHTOBIH MIKaJi yCTyImae oMy, a MPOrHO3 y IIKajli HalMEHyBaHb - caMHid CIIAOKHii 13 BCiX iICHYIOYHX (B
OCTaHHBOMY BUIAJIKY TOBOPSITH PO NMPOTHO3 MAKPOCTAHIB CHCTEMH).

Exosoriunuii mpeaukTop OymyeTbcsi 3 BHUKOPUCTaHHSM  BH3HaueHoi  iHdopmamii  mpo
(GYHKIIOHYBAaHHS CHCTEMH NPOTATOM JESKOro MHHYJIOTO Bifpi3ka yacy. BenwmumHa 1poro Bimpizka
HA3WBAETHCS MIEPIOJIOM OCHOBH MPOTHO3Y.

[IpombKOK Hacy, Ha SIKHi po3pOOsSETHCS TPOTHO3, HA3UBAETHCA TIEPIOIOM (YacoM) MOTIEPEHKEHHS
nporHody (Tam xe, 1978). Ilopsin 3 4yacom momepemKeHHs 1 JETaJbHICTIO (OPMYJIOBAHHS IHILOIO
HaNWBaXIMBILIOK XapaKTEPUCTUKOIO OY/b-sIKOTO MPOTrHO3Y € HOoro HaaliHICTh (TOYHICTb, BIPOTITHICTD).
[lig HagIAHICTIO IPOTrHO3Y OyAEMO PO3YMITH JIESIKy PO3YMHY MIpy BIAMIHHOCTI MepedadyeHuX CTaHIB
€KOCHCTEMH BiJ] peani30BaHUX B JIIMCHOCTI.

OuiHIOBaHHA HAAIMHOCTI MPOTHO3IB Ha3MBaeThCs BepHudikamiero. Meronuka Bepudikamii
06araTo B 4YOMY BHU3HAYa€TbCSd OCHOBHHMHU XapaKTEPUCTUKAMM IPOTHO3Y. YHI(PIKOBaHOT METOAMKH
Bepudikalii eKOJOTYHUX MPOrHO3IB HE ICHYE 3 THUX JK€ MNPUYMH. TOMy /s KOXHOIO BHUMAIKY
nependavyeHHs, A KOKHOT CHCTEMU HEOOX1IHO ONUCYBaTH NOPAAO0K Bepu(ikallii MporHo3iB.

MoskHa Ha3BaTH 1€ 1 NPUHIMI €KOHOMIYHOCTI MOJEJEH E€KOJIOTTYHOTO MPOTHO3YBaHHS - BHOIp
MIHIMaJIbHO MOKJIMBOT KUIBKOCT1 TapaMeTPiB MOJIEN1 3a YMOBU 30epeKeHHsI 1i JOCTaTHhOT aJIeKBATHOCTI.

Yac mnomnepe/KEHHs, JETalbHICTh (OPMYIIOBaHHS 1 HAAIMHICTL - OCHOBHI XapaKTE€PUCTUKH
€KOJIOTIYHOTO MIPOTHO3Y.

Cucrema €KOJIOTIYHOTO TPOTHO3YBAaHHS TpHU3Ha4YeHa JUIsi (OpMyBaHHS 3a BCIEIO JOCTYITHOIO
iH(pOopMaIlIEI0 MaKCUMaJIbHO HAJIHHUX EKOJIOTITYHMX MporHo3iB. Bona wictuth y cobi meToaum
MIPOTHO3YBaHHS 1 3ac00M iXHBOI peanizarii. CHCTEMY €KOJIOTYHOTO MPOTHO3YBAaHHS MOYHA PO3IJISIaTh
SIK TIACUCTEMY €KOJIOTTYHOTO MOHITOPHHTY.

2. AHajiTHYHe MOJEJNIBAHHA (i3MYHMX W OIOTMYHHUX NpoueciB y JOBKILUII i BIJIMBOM
AHTPONOreHHUX YHHHHUKIB i MPOrHO3yBAHHS HACHIIKIB ILOI0 BILUIUBY.

VYci nporHo30BaHi CUCTEMH 1 SIBUIIA MOYKHA PO3PI3HATH 32 IIECTH OCHOBHUMH O3HAKAMH.

1. IIpupona 06'ekTa MOJCIIOBAHHS 1 TPOTHO3YBAaHHS 3a/1a€ crieluQIHICTh miaxoaiB. Exocucremn -
e 00'eKTH CKJIaIHOT MPUPOAMU, 1 METOJOJIOTTYHOI OCHOBOIO IXHHOTO BHUBUYEHHS CIYXHUTb TEOpIst
CKJIQJIHUX CHCTEM (CHCTEMOJIOTs).

2. 3a MacmITabHICTIO PO3PI3HAIOTH CyOsmoKanbHi (1-3 3MiHHI), JoKanbHi (4-14), cyornobansHi (15-
35), rmo6osbHi (36-100) 1 cymeprimo6ansHi (6iem 100 3MinHUX). B ekosorii ans mporHo3yBaHHS
BUKOPUCTOBYIOTh CHCTEMHU BCiX MaclITaliB, OJHAK HaWOUIBIINN IHTEpEC MPEACTaBIAIOTh PI3HI BapiaHTH
rI00abHUX €KOCUCTEM (KUIBKICTh 3MIHHHMX OutbIn 15). MacmTaOHICTh HE Ma€ CaMOCTIHHOTO 3HAYCHHS
Ui BUOOPY METOY MPOTHO3YBaHHS.

3. 3a cknaaHicTi0O 00poOKu iH(OpMALIi TPO CUCTEMY: HAINPOCTI CUCTEMH (3B'A3KIB 3MIHHUX
MPAKTUYHO HEMA€), MPOCTI (TUIbKHM MapHi B3a€MO3B'A3KM), CKJIaJIHI (BPaxOBYEThCS B3a€MOBIUIMB 3 1
OUIbII 3MIHHUX) 1 HAACKIaAHI (BpPaxXoBYIOThCS yCi B3a€MO3B'A3KM MDK 3MiHHUMH). Exocucremu
HaJIeXkKaTh /10 CKJIAJHUX CUCTEM 1 SKICTh NMPOTHO3Y MPSMO 3B'A3aHO K 3 YpaxyBaHHSAM BEIUKOI KUIbKOCTI
3MIHHHUX, TaK 1 YCUIAKHX B3a€MO3B'SI3KIB IIMX 3MIHHUX.

4. 3a cTymeHeM JeTepMiHAaHTHOCTI CUCTEM (J€TepMIHOBaH1, CTOXaCTUYHI 1 3MillIaHi CUCTEMH) 1

5. 3a xapaktepoMm PO3BUTKY CHCTEM Yy qaci (zu/ICerTHl anepioguyHi 1 IUKJIIYHI CHUCTEMH).
ExoJioriuni cHUCTeMH MaroTh ICTOTHY CTOXaCTMUYHY CKJIaJOBY 1, NMPAKTHUYHO, BECh CIIEKTP XapakTepy
PO3BHTKY.

6. B 3anexHOCTI BiA BENWYMHU TEpiOAYy TOMEPEDKEHHS, PO3PI3HAIOTH  MPOTHO3M
KOPOTKOCTPOKOBI, CEpPEeJHbOCTPOKOBI, JIOBIOCTPOKOBI 1 JalbHOCPOKOBL. OmHak y "KUIBKICHOMY
BHU3HAYEHHI" OCTAHHIX MAHYy€ IUIyTaHUHA - B €eKOHOMIIli, METEOPOJIOTi], CUIbCBKOMY IOCIIOapCTBi (TOOTO
THX O0JIACTSX 3HAHHS, Y SIKUX MpoOiIeMa HaIiifHOTO MPOTHO3yBaHHS CTa€ IIEHTPAIbHOI0) MPUHHSATI CBOT




crangapta "tepMmiHoBocTi". IToHATTS "TepMmiHOBOCTI" €KOJOTIYHMX MPOTHO3IB BIJHOCHI 1 3alexaTh
HacaMIiepe]] BiJ BJIACTUBOCTEH NOCTIHKYBaHOI cucTeMH (TIPOLECY) 1 BiJl JETATbHOCTI (POPMYITIOBAHHS
MIPOTHO3IB 1O OCI Yacy.

Kputepiem "TepMiHOBOCTI" €KOJIOTITYHOTO MPOTHO3Y MOKHAa BBAXATH JIETAJIBHICTH HOTO
dbopmymoBarHs 10 oci 4acy. [IporHo3u 3 mepiosoM momnepeKeHHs 10 2-3 KPOoKiB OyneMo Ha3WBaTH
KOPOTKOCTPOKOBUMH, Bill 3 10 7 - cepeaHbOCTPOKOBUMH, Bif 8 10 15 - moBrocrpokoBumu. OmHAK Taka
KiacuQikallis He BpaxOBY€E BIACTHBOCTEH JOCITIKYBAHOTO TIPOIIECY.

SIkmo GhopMyIOBaHHS €KOJIOTTYHOTO MPOTHO3Y MICTUTH KaTETOPUYHI TBEPKEHHS PO MaHOyTHIiH
CTaH CHCTEeMH, 0e3 sIKX Ou TO He OyJ0 BKa3iBOK Ha CTYIIHb HEMEBHOCTI HOTO 3IiiiCHEHHS, TO Taki
MPOTHO3M, TaK CcaMO SIK 1 B METEOpOJIoTii, OyneMO Ha3MBaTH KAaTETOPUYHUMH. Y MTPOTHICKHOMY
BHUIIAJIKY, TOOTO KOJIM pa3oM 3 (JOPMYIIFOBAHHSM CTaHy CHCTEMH, IO MTPOTHO3YETHCS, BKA3yEThCS 1 AesiKa
Mipa HEBM3HAUEHOCTI (HEMEeBHOCTI) MOro JOCATHEHHS (HAampHKIaJ, JOBIpYMIl 1HTepBai), Oynemo
TOBOPHUTH PO PO3MHUTI (IHTEpBaIbH1) MPOrHO3U. Tak, MporHo3 Tumy "y MailOyTHbOMY pOLll BIIOYIEThCS
criajaXx YHCENBHOCTI TOJIBKU" € KaTeropuyHuUM, a TPOrHO3 TUmy 'y MallOyTHhOMY pOIIl crajax
YHCEIbHOCTI MOTIBKH MOKJIMBA 3 Mipot0 puHaiekHOCT1 0,74" - po3sMUTUM.

BynemMo moauisTH €KOJIOTTYHI MPOTHO3M Ha TpUBIAJIbHI 1 HeTpuBiaibHi. IIpo mepiii roBopsTs y
CUTYyalli, KOJu MepeadadyeHHs BIAHOCATHCA JO OPAMHAPHUX MPOSIBIB SIKOICH IHEPLINHHOI, CTIHKOI
CHUCTEMH, a PO APYTi - KOJIW MOBA e Mpo 3MIHU CaMOi CUCTEMHU ab0 TMpo SIKICh HEOPJAMHAPHI MO/l B
Hil. SIK yXe BiI3HA4asocs, y 3aJ€KHOCTI Bl TUIY IIKaIH, Y AKid (OPMYIOThCS MPOTHO3M (TOOTO 3a
pIBHEM JleTalizallii), po3pi3HIIOTh MPOTHO3M HOPMaJIbHI, PAHTOBI, KUIbKICHI. Y CHUCTEMOJIOT1l BUAUISIOTH
CTPYKTYpYy cuctemH 1 ii moBomiHky (Dmneiimmvan, 1982); BiAmoBigHO 0 MBOTO MAa€ CEHC PO3PIZHATH
MIPOTHO3M CTPYKTYPU €KOCUCTEMH 1 TpOTHO3HU ii moBeAiHku (Po3enbepr, 1984).

[IporHosu, oTpuMaHi 3a JONOMOTOl0 a0CTPAKTHUX MOJIEJIeH CHIBTOBapUCTB, IPYHTYIOUHCH TUIBKH
Ha anpiopHUX MPEACTABJICHHSIX OyJAeMO Ha3WBaTH ampiOpHUMH, a OTPUMaHI 3 BHUKOPHUCTAHHSIM
3100yToi iHQoOpMalii — anmocTepiopHUMHU. PO3pi3HAIOTH MPOTHO3M IMO3WTHBHI 1 HeraTuBHI. OcTaHHI
(hOpPMYIOTBCS TEOPIEID TOTEHIIHHOT €PEeKTUBHOCTI CKIAAHUX CHUCTEM 1 Jal0Th MPEJACTABICHHS IPO Te,
SIKUX CTaHIB €KOCHUCTEMa HE MOYKE MAaTH B MPUHIIMIN TP 33JaHUX 0OMexeHHAX. [[03uTHBHI TPOTHO3H,
HaBMaKW, HECYTh 1H(POPMAIIIIO TUTHKH PO MOKJIUBI CTAaHU JOCIIHKYBAHOT CUCTEMH.

Kpim TOTO, BUALIAIOTH TPOTHO3M TOYKOBI 1 PO3IOAUICH], ONIYKOBI 1 HOpMATUBHI. SIKIo B mpoieci
MIPOTHO3YBaHHS JIOCHTIKyBaHAa €KOCHCTEMa BBaXA€TbCA OJHOPITHOIO, TO TOBOPATH MPO TOYKOBI
MIPOTHO3H; y MPOTUICKHOMY BHUIAJKY, MPOTHO3M HA3MBAIOTHCS PO3MOoAUICHUMH. [lomIyKoBi MPOrHO3U
BI/IMOBIIalOTh Ha 3allMTaHHS: IO IMOBIPHIIIE BCHOTO BIIOYAETHCS 3 EKOCHCTEMOKO TNMpU 30epexeHHI
icCHyrOUMX TeHJAeHIi? Ha mpoTuBary moumrykoBUM, HOPMATHUBHI MPOTHO3W CIYXaTh JUIS BIIIOBiII Ha
MUTaHHS: SIKUMHU LUISIXaMd MO>KHa JOcsIrté OaxkaHoro crtany? HopmaTuBHE NpOTrHO3yBaHHS LIMPOKO
BUKOPHUCTOBYETHCS B JAHWUH Yac MPH JOCITIHKEHH1 Oiocdepu.

Jlexmia Ne 10

Tema: [IpakTU4HI aCIEKTH MOJICITIOBAHHS

Merta: Po3kpuTi 0COOIMBOCTI MPAKTUYHHUX ACTIEKTIB MOJICITIOBAHHS

[Ipodeciiina copsmoBanicTe. Matepian Jnekuii 3HaHOMHUTH MaWOYTHIX CIELialiCTIB €KOJIOTIB i3
0COOJIMBOCTSIMH MPAKTHYHHUX ACTIEKTIB MOJICITFOBAHHS

[Tnan

IIpouecu nepeHocy 3a0pyAHIOBAIbHUX PEUOBUH Y BOJHOMY CepeI0BHUIILI.

BpaxyBanHs ocifjaHHs i po3nay pe4OBMHHU IPU MOJETIOBAHHI.

MaremaTHuH1 MOJIeJli BOJHOT'O 1 FIPOXIMIYHOTO PEXHUMIB.

Marematnuni moaemi quHamika PK 1 BCK.

Bu3HaueHHs HEBIIOMHX MapaMeTpiB MOJENI.

Mojiens TUHAMIKA OpPraHiyHOT PEYOBHMHU 1 PO3UMHEHOTO KHCHIO 3 YpaxyBaHHSIM po30aBlIeHHS 1
BOJIOOOMIHY.

ocoarwdE

Teker
1. Ilpounecu nepenocy 3a0pyIHIOBAJIbHUX PEYOBHH Y BOJHOMY CepeI0BHILi.



[Ipu ananizi ymoB (opMyBaHHS BOJHOTO 1 TIIPOXIMIYHOTO PEKUMY BOJONM, BH3HAUAIOTHCS
OCHOBHI (pakTOpH, IO ICTOTHO BIUIMBAIOTH HA 3MIHY KOHIEHTpalii TOTO YW IHIIOro iHrpemieHTa. Jlo
TakuX (PaKTOPiB BIAHOCITHCA:

— 3MiHa PIYKOBOTO CTOKY;

—  BIUIMB MiI36MHOTO CTOKY;

— HaJXOJUKCHHS APEHAKHUX BOJ 3 TIAPOMETIOPATUBHUX CUCTEM;

— HaJXOJUKCHHS BOJM 1 3a0pyTHIOIOYHMX PEUOBHUH 3 TUIOMNII BOJO300PY Y BHUIJISI POMUCIOBUX 1
MOOYTOBHX CTOKIB;

- cemumenTanis (Cykynnicms npoyecie HazpomaodicenHs 8i0K1adis y 600Homy cepedosuui. C. €
OOHUM 13 8ANCIUBUX (PAKMOPIE CAMOOUUWEHHS NPUPOOHUX 800, WO NPU3BOOUMb 00 NPOSACHEHHS 800U,
3MeHWeHHs MiHepanizayii, KoMipHOCMmI, 3anaxie, OaKmepiaibHo20 3aOpYOHeHHs) 3aBHCIUX y BOJII
YaCTHHOK;

— 0e3MmoBOPOTHE BOJIOCTIOKUBAHHS;

- TpaHchopmallis pedoBUH (IHIPEOIEHTIB) BHACHIIOK (I3MKO-XIMIYHUX, paAl0aKTUBHHUX 1
010JI0TIYHUX NTEPETBOPEHB;

— BHIIAPOBYBAHHS BOJM 3 TIOBEPXHI BOJOWMHUIIL TOIIIO.

Jlyis BUBUEHHS BIUIMBY KOXKHOTO 3 MepenidyeHnX (akTopiB Ha BOJHO-COJIBOBHUM Ta TIAPOXIMIUHUN
PEXUMH BOJHUX OO’€KTIB HEOOXITHO 3aCTOCYBaTH OCHOBHI (Di3MuH1, XIMI4HI 1 O10JIOT1UHI 3aKOHH, SIKi
0OyMOBIIIOIOTh PO3MOBCIO/IKEHHSI Y BOJI PI3HUX JOMIIIOK (PEUoBHH), 1 MOOyIyBaTH MaTeMaTHYHY
MOJIeNh Mirparii, TpaHcdopmallii Ta HAKOTMHMYEHHS B OKPEMUX KOMIIOHEHTAaX BOJHOI E€KOCHUCTEMU
PEYOBHH, 1110 MOTPAIUISAIOTH Yy MOBEPXHEB1 BOAM CYIIII 3 IJIOLII BOJI0300pY Ta 3 aTMOC(EPHUMH OMaJaMH.

2. BpaxyBaHHs OCiIaHHS H po3najy pe4OBHHH NPH MOJCJIIOBAHHI.

B TeopetnuHOMYy MiaHi mpolecH MEePeHOCy PEeYOBHH 1 TeIula (EHeprii) OMUCYIOThCA TaK 3BaHUM
PIBHSIHHSIM KOHBEKTHUBHOI Audy3ii (TiapaBiiuyHoi qucrepcii abo TypOyneHTHOT nudy3ii).

Judy3ier0 Ha3MBA€THCA TPOIIEC BUPIBHIOBAHHS KOHIICHTpAIM PEUYOBHMH B PI3HUX OOJACTAX
TEPMOJUHAMIYHO OJHOPITHOTO cepeAoBHmia. Y pa3i, Koiau audy3is 0OyMOBJICHa XaOTHYHHM PyXOM
MOJIEKYJI, BOHA HA3WUBAETHCS MOJIEKYISIPHOIO, a B pa3i, Koym Audy3isi 00yMOBJI€Ha BUXPOBUMH MTOTOKAMHU
B piAnHaX a0 ra3ax — TypOyJEeHTHOIO.

OCHOBHUMHM MeE€XaHI3MaMHU PO3MOBCIO/UKEHHS PEYOBMHM B PYXOMOMY CEpEIOBHMILI, 30KpeMa B
MOTOII1 TOBEPXHEBUX BOJ, € TaKi:

1) po3unHEHHs 1 IEPEeMINTyBaHHS PEUYOBUHHU (JOMIIIKH) B TIOTOIlI BOAM 1 HA HOTO TPaHUILL;

2) 3axBaT IOTOKOM BOJAM YAaCTUHOK PEYOBUHM, L0 PO3UYMHHIUCH a00 MEepeMillauCh B LIbOMY
MOTOLi;

3) MonekymsapHa abo TypOyJeHTHa audy3is pEYOBWH, CHpSIMOBaHA HAa BHUPIBHIOBAHHS
KOHIICHTpAIIii JaHOT pEYOBHUHHU B CTOSYii 200 pyXoMmiil BOI.

[HImUMM cioBamu, NpH NOTPAIUISIHHI YACTUHOK PEYOBHUHHU Y BOJIOMMY BOHM PO3CIIOIOThCS B TOBILI
BOJOM BHACHIIOK MOJEKYIApHOI 1 TypOyneHTHoi audy3ii, fK B HampsAMKy Tedil, Tak 1 B
NEePIEHAUKYIIIPHOMY 10 pyXy HampsiMKy. KpiM 1bOro, 4aCTMHKH PEYOBUHM 3aXOIUIIOIOTHCS TEUi€ro 1
PO3MOBCIOKYIOTHCS 31 MIBUAKICTIO, IO JOPIBHIOE CEpeqHi MIBUAKOCTI Teuii. Tomy, UIsi TOYHOTO
MaTEeMaTUYHOTO OIMKCY IHOTO MPOIecy HEOOXiTHO 3HATH IIBUJKOCTI T€Uii Ta IHTEHCUBHICTH (KOE(IlIi€HT)
TypOYJIEHTHO1, a B CTOSY1l BOJ1 — MOJEKYIApHOI 1udy3ii.

3. MaremaTH4Hi MOJeJIi BOXHOIO i IiIPOXiMIYHOI0 PeKUMIB.

[IpupogHi BOAM MOXKHA pO3IIAAATH SIK OaraTOKOMIOHEHTHI cHUCTeMH. PiBHOBara KO)XHOTO
BOJONMMIIIA BHU3HAYAETHCS KOMIUIEKCOM (i3MKO-reorpadiuHuX, TiIPOJOTTYHUX Ta METEOPOJIOTTYHUX
YMOB 1 BCTAHOBJIOETHCS TMPOTATOM TPHUBAJIOrO Yacy. 3a YMOBU HAJXOJUKEHHS [0 BOJONMMHMILA
3a0pyIHIOIOYMX PEYOBHH MPUPO/IHA pPIBHOBAra BOAOHMHUILA TOPYILIYETHCS.

SIKIIO BIUIMB XIMIYHOTO 3a0pyAHEHHS HE3HAYHHM, TO 1€ MPHU3BOIUTH 10 JOKAIBHUX 3MiH, TOOTO
NPUPOJHA pIBHOBAra MOPYUIYETbCS Ha OKpeMid AUISHII pidyKd abo BOJOWMHINA MOOIM3Y BHITYCKY
cTiyHMX BOJ. IlepeBHIEHHS KUIBKOCTI 3a0pyIHEHb pIBHS «CaMOOYHCHOI 3JaTHOCT» BOJOWMHUINA
HEOOOPOTHO MOpPYIIye Oi07I0TYHY PIBHOBATrY i, IK HACIIOK, HOTIPIIY€E CKIIaJ 1 BIACTUBOCTI BOJIH.

XiMiuHI pEYOBHHH, SKI HAJAXOMAATH y BOJHI €KOCUCTEMH, - 1€ HE TUIbKA BUKHUIU TMPOMHUCIOBUX
HIAMPUEMCTB, a i Oe3mocepesHe 3MUBaHHS 3 MOMIB Ta (UIbTpalis yepe3 ApeHa)kHi i IPyHTOBI BOJHU



MOKMBHUX PEYOBHH Ta JJOOPUB, IO CYTTEBO BIUIMBAE HAa (DYHKIIOHYBAaHHS O10IICHO3IB Y BOAHOMY O0'€KTI.
KpimM TOTO, MOTIpUIYIOTHCSI CaHITAPHO-EKOJIOTIYHI MOKAa3HUKH, IO XapaKTePU3YIOTh SKICTb BOAM, a I
3aBJIa€ MIKOJIM 3/I0POB'IO JIFOJUHH.

MopenoBanHsl ¥ TPOTHO3YBAaHHS CTaHy BOJHHUX EKOCHCTEM, $IKIi 3a3HAIOTh AHTPOIOTCHHOTO
BIUIMBY, MAlOTh Pi3HI aCHEeKTH i mepeadayaroTh pi3Hi 1Tl (CyTo HayKOBi, Tiapo0iosIoTiyHi, CaHITapHO-
ririeHigai Tomo). HaiiBakuBiIIi COMIOEKOIOTIYHI 3a1a4i, SKi HEOOXiqHO BHPINIYBATH 32 JOTIOMOTOIO
MO/ICITIOBAHHS, 3BOJISITHCA 10 ABOX HampsMiB. lepmmii 3 HUIX — HEOOXiAHICTh MOJIEIIOBATH MTOIINPEHHS
3a0pyJHIOIOYMX PEYOBHH Y BOJHOMY CEpPEIOBHINI, a0W JIOKANI3yBaTH iXHIM BIUIMB 1 3armo0irtu
HETaTUBHHUM COIliaTbHUM Haciiakam. e Moske OyTH 3aXHCT pKepel BOJIOMOCTaYaHHs, peKpeaifHiuX 30H
y ImMaHax abo Mopsx, 30epeXeHHs MalIuX pidoK Tomo. [pyruil HampsM, mo Mae BaXXIUBE COLiaJIbHE
3HA4YEeHHsI — II€ 30€pEe)KEHHS BOJTHUX JDKEPEN SIK MUTICHOT €KOCHCTEMH 32 YMOBH CTIMKOCTI ii mapamerpis
y neBHUX Mexax. CaMe CUCTEMHHUN MiIX1J 0 BUBYEHHS BOJHOTO 00'€ekTa MO’Ke 3a0e3reunTH, Ha 0asi
HOPMAaTUBHO-TIOIIYKOBOTO NPOTHO3YBaHHA, BUOIp HalpallOHAJIBHIIIOTO MPOEKTY NMPUPOJOKOPUCTYBAHHS
3 TOTPUMaHHSIM €KOJIOTTYHUX BUMOT.

He MeHI BaIMBUM COLIAIbHUM 3aBJIAHHSM € 30€pEKEHHsI YHIKaJbHUX MPUPOJHUX OO'E€KTIB,
3arMoBIIHUX 30H TOIO. B yMoBax Ykpainu Takumu €, Hanpukiajd, HamioHansHui napk «lllampki o3epa»
Ha Bousumni. [impomenioparis Ha HPWIETNIMX TEPUTOPISX, TOCHOJApChKa ISUIBHICTD HPU3BEIH 0
TIOTIPIIIEHHSI TIEBHUX EKOJOTTYHWUX TOKa3HUKIB, 32 SIKUMH BCTAHOBJIEHO CIIOCTEPEXKEHHS (JIOKaIbHUU
MOHITOPHUHT). 32 UMM CHOCTEPEKECHHSIMHU 1 JOBTOCTPOKOBHM IPOTHO3YBAaHHSIM MAalOTh BU3HAYUTHCS
NUISIXA  3MEHIIEHHS aHTPOTIOT€HHOTO HABAaHTAXEHHs, 3a0€3MedYeHHs CTIMKOCTI HaWBaXKJIMBIIIUX
napameTpiB. Po3B'i3aHHS TakuX MpoOiieM UTIOCTPYEThCS Ha MPUKIIAAI MOJENIOBAHHS 1 MPOTHO3YBAaHHS
ekocrucTteMH 03. baiika.

Sxmo po3risaaTH BOJOWMMINE SK CKIAHY CHCTEMY, /€ BiIOYBA€ThCS KOMILIEKC 010-(i3HKO-
XIMIYHUX TIPOIECIB CAMOOYMIIIEHHS, HAacaMIlepe ] BaXKJIMBO 3HATH, KM XapakTep Mae TpaHchopmallis
3a0pyIHIOBAJIBLHUX PEYOBHH, TOOTO OJHY 3 TEHJCHIIIN: 3a0pyIHEHHS Oe3MmepepBHO 3pocTae (HECTIMKICTh
CUCTEMHM)-, CAMOOYMILIECHHS ¥ PO3BENEHHS KOMIICHCYIOTh HAJXOKEHHS 3a0pyAHIOBAIbHUX PEUYOBUH
(pIBHOBaXXHICTH CUCTEMH ).

B ocTrannboMy BUTIQIKY €117l BU3HAYUTH, SIKI HABAaHTA)KEHHS HA BOJOMMHUIIIE JOMYCTHUMI, TOOTO 3a
SIKUX YMOB IIe 30epiraeTbes cTilika piBHOBAra.

Tpancdopmariiro 3a0pyIHIOBATPHUX PEYOBUH MOYKHA PO3IIISAATH K BiTOOpaKeHHS

Fi(S) = LE(S), Fj-1(8), Fiua(S), s Fia (), (42.0)
ne Fi(S), ..., Fj+k(§) — geski BekTOp-GYHKII y BIAMOBIIHUX cTBOpax; L — omepartop

Tpanchopmarlii IKOCTi BOJIU; S — BEKTOP BXITHUX 3MIHHHX.

XapakTep TIepeHEeCEeHHS U pO3LICIUICHHS pPEYOBUH BH3HAYaeThcs omeparopom L. Omxke,
MaTeMaTUYHE MOJICITIOBAHHS SIKOCTI BOJIM Ma€ J[Ba CTaIH:

* BU3HAYCHHS aJIEKBaTHOI CTPYKTYpH oreparopa L (Burismy piBasHHSA (3.1);

* PO3B'I3yBaHHS IILOTO PIBHSHHS 32 PI3HUX MOYATKOBUX 1 TPAHUYHUX YMOB Ta 3MIHHOI (yHKIIii
JpKeperna.

CrtpykTypy omnepatopa L 3BuuaiiHO BHM3Ha4alOTh Ha IIJACTaBi BUBYCHHSA (PI3UUHUX
3aKOHOMIPHOCTEH €KOJOoriuHuX rmpoieciB. Tak, nudys3io i po3kiaa OpraHiyHOl PEUOBHUHH, IO
HA/IXOJUTh y BOJOWMHUIIIE, MOKHA onrcaTu piBHAHHAM (3.1) abo 3mozaentoBaTu MetogoM Monte-Kapio.
IIpy upoMy HaTypHI AaHI BUKOPHUCTOBYIOTH JUIsl TOPIBHSHHS pPE3YJIbTaTiB MOJICIIOBAHHS 1 JaHUX
CrocTepeXeHb a00 Ul 3HaX0/KEeHHs KoeQilieHTiB (ineHTudikarii) a1s 3a1aHoi CTPYKTYpU PIBHSHHS.

[Ipote B pa3i MoaentoBaHHs IWHAMIKK OaraTOPIYHUX 3MiH y BOJOWMHMIIAX M BILTUBOM CTIYHUX
BOJ 1 CKUJAIB NPOMHUCIOBUX MIANPHUEMCTB MPOCTEKHUTH MPUYMHHO-HACTIIKOBUI 3B'I30K HEMOXKIIHMBO,
OCKUIBbKH I1le Tpeba BpaxoBYBaTH pi3HI (i3WUHI, XiMIuHI, O10JIOTIYHI IPOLIECH, SIKi B3araji He MiIal0ThCs
JIeTaIbHOMY CIIOCTEPEKEHHIO 1 K1 MO’KHA BUMIPATH Xi0a 1110 Ha KOPOTKOMY IHTEpBaJli 4acy.

OTxe, 3aCTOCYBaHHS 3a3HAUEHUX METOJIB, IO OMHCYIOTh (PYHKILIOHAJIbHI 3aKOHH, YacTO CTae
HEMOXJIMBUM. Y TaKuX BUMAJKaX 3aCTOCOBYIOTh MPSIMI METOAM MOJETIOBAHHS E€KOJIOTTYHUX CHCTEM, fKi
nepeadaydaroTh, 10 iHGoOpMalis Npo CTIPYKTypy omepaTopa Ta HOro mnapaMeTpud MICTUTHCS B
eKCTIIEPUMEHTAIbHUX JaHUX.

4. Marematnuni mogeii quaamikn PK i BCK.



[Tpu nonasanHi y BOJOMMHUIIE PEYOBHUHA PO3CIIOETHCS Y TOBIII BOJIU B PE3yIbTaTi MOJEKYISIPHOL
Ta TypOyneHTHOi audysii, sIK 3a HANPSIMKOM Tedii, TaKk 1 MepHeHIUKYyIsApHO 10 Hei. Kpim Toro, BoHa
3aXOIUTIOETHCS TEUI€I0 1 MOMIMPIOETHCS B3OBXK TEUii 31 MIBHJIKICTIO, sKa JOPIBHIOE CEpeHIN IIBHIKOCTI
Tedii. /{7 MaremMaTHMYHOro OMUCY IBOTO MpPOIeCYy HEOOXIMHO 3HAaTH MIBHAKOCTI Tedii BOAM Ta
IHTEHCUBHICTD (Koe(ilieHT) TypOyIeHTHOI, a B HEPYXOMiil BOJI — MOJEKYIApHOI anudy3ii. 3HaX0KEHHS
CepeHBOI MBUIKOCTI pyXy BOJM HE € CKJIATHOIO MPOOJIEMOT0, OCKUTBKH IS 3a7a4a MOKe OyTH BHpIIICHA
abo Ha OCHOBi Oe3mocepeNnHiX HATYpPHHUX BHMIPIOBaHb, a00 3a JOMOMOIOK) MAaTEMAaTHYHUX METOJIB
rinpoauHamiku. Habararo ckiamHIimoro 3agaueio € BU3HAueHHs a00 OLIHIOBaHHS 3MIHM KoedilieHTa
TypOynenTHoi audysii. OnHak, 3MiHa KoedimienTa TypOyneHTHOI Audy3ii B MHUPOKOMY Jiana3zoHi Maio
BIUIMBA€ HA KIHIEBY XapaKTEPUCTHKY TIOMIMPEHHS 3a0pyAHIOIYOi PpEYOBHUHH, OCOOJIMBO, KOJIH
PO3TIIAIAETHCS MOMIUPEHHS PEYOBUHU B TIOTOII], IO PYXA€THCs, HA BEJIMKI BiICTaHI.

[To3Haunmmo cki1afioB1 (KOMIIOHEHTH) BeKTOpa V — ycepeaHEeHOi MBUAKOCTI Teuli yepe3 VX, Vy,
Vz, a xkoedimientn TypOylneHTHOI nudy3ii B MO3M0BXKHBOMY (cmiBramae 3 Biccio abcumuc 0x), B
norepeyHoMy (cmiBmnazae 3 Biccto (y) 1 BepTUKanbHOMY (criBnaaae 3 Biccto 0z) HampsiMKaMu BiJIITOBITHO
Dx, Dy, Dz. Toai BianoBizHO 10 3akoHy Dika MO310BKHIM MOTIK PEYOBHHHU 3 KOHIIEHTpaliero ¢ (X,Y,Z,t)

Ve — 1D — ' P}C—D},a
BHU3HAYAETHCA BHpPA3sOM ) IIOTNICPCUYHUHN IIOTIK - BHUpa3zoM ) a
V;:C - Dz .
BEPTUKAIIbHUI . CKOpHCTaBIINCh 3aKOHOM 30€pEeKCHHS MacH PEUYOBHHHU, OJIEPKYEMO

PIBHSIHHS 0aTaHCY HEKOHCEPBATHUBHOT PEYOBUHHU, 1110 TTOTIHPIOETHCSI B PyXOMOMY TMOTOIII piiuHU (Y BO/I1),
y BUIJISA1 TM(EepeHIIaIbHOTO PIBHAHHS B YACTKOBUX MOXIIHUX:

& & g & J B
Bl Dxﬂ__ Ve |+ —| D, —-¥,c t= ng— v.o|-otcr flxy.zt)
% 7S
KON , (44.2)
*

ne ® — cranma mWBMAKOCTI CEIMMEHTAIlli, sKa BKJIIOYAE i CTaly HEKOHCEPBATHBHOCTI y BHIAIKY
JIHIKHOTO 3aKOHY TpaHchopmariii peuoBunw; f (X,Y,z,t) — wieH, o0 BpaxoBye BHYTPIIIHI JHKEpea i CTOKH
(camoouuIIyBajIbHA 3aTHICTh, CAMOIIOTJIMHAHHS T1APO0IOHTaMU Ta 1H.)

Jlst po3B’sizaHHs piBHSIHHS (4.4.1) He0OXiqHI e 3HAYEHHS TOYAaTKOBHUX 1 TPAaHUYHUX YMOB, SIKi B

PO AYBaHIN 3a1a49i MOYKHA 3a/1aTH Y BUTJISIL

c(X,y,z,t0) = c0(x,y,2) (4.4.2)
2 2
c(%,¥,2,t) yer, = 10, 2,1), é =0 i =0 (4.4.3)
—A1

Je X=x1 — a0cIiica BXiTHOTO MOMEPEYHOT0 NMEPETUHY (BEpXHild CTBOP); X=Xz — aOcIuca BUXIIHOTO
MOTIEPEYHOTO MEPETHHY (HWKHIA a00 3aMHUKarO4Mii CTBOP) PO3IJIAYBAaHOTO BOJAOWMHUINA; N — 30BHILIHS
HOpPMaJb JI0 IOBEPXHI JIOXkKA 1 10 [3epKaja BOJOWMHUIIA (JTMMaHy, BOJIOCXOBUINA, PIKH 1 T.11.).

[Ipy HaIXOMKEHHI PEYOBUHHM 3 OMAJaMM 3aMICTh PIBHOCTI HYIIO HOPMAallbHOI MOXiTHOI Ha
J3epKajli BOJOMMHUIIA HEOOX1THO 3a/1aTH MOTIK PEYOBUHU, IKU BU3HAYAETHCS PIBHICTIO:

a
Vzc o Dz E = ConYom
z=0 , (4.4.4)

7€ 4epe3 (on MO3HAYUMO KUIBKICTh BOJM, IO HAAXOJUTh Ha OJAMHUIIO IUIOIII J3epKaia
BOJIOMMUIIIA 3 aTMOCHEpPHHMH OMNajaMH 3a OJUHHII0 4Yacy (TOTIK), a uYepe3 Conr— KOHIIEHTPALIiIO
3a0pyIHIOI0YO1 PEYOBHUHHU, LII0 MICTUJIACH B OTAJax.

Skio 3abpy/aHIOI0ua pedoBrHa (200 CUTh) HAIXOIUTh 3 IHA B pe3yJIbTaTi BUWIYTOBYBaHHS a0o0 Mpu
iHOLIBTpaIlii Mi3eMHUX BOJ, TO HAa MEXI 3 JTHOM HEOOXITHO TaKOX 3aJaTh BEIUYMHY HAJIXOJKCHHS
CoJIeH 3 THA y BUTJIA/I OJIHIET 3 TAKUX PIBHOCTE:



oc
Vie—0D, — = CyVy,
&z z=h

o5, 5:h.t )= c4, (5.5)

1€ Cp — KOHIEHTpAIIii coJiel y Miq3eMHIX BOJAX; V¢, — BEPTUKAJIbHA CKJIAJI0BA BEKTOPA MIBUAKOCTI
¢dutpTpanii; h — rmubuHa BogoUMuIIA.

Takum ymHOM, TpW Bimomux BenmmuuHax VX, Vy, Vz, Dx, Dy, Dz, f(x,y,z,t) i o* nurasas mpo
MIPOCTOPOBE 1 YacoBe PO3MOJUICHHS y BOJOMMHUII 3a0pyAHIOIOUMX PEUOBHH 3BOJUTHCS O PO3B’sS3aHHS
piBHsHHES (5.1) mpu MOYaTKOBUX 1 TpaHMYHUX yMoBax (5.2)-(5.5). Haitbunpm edekTuBHUME METOdaMu
pIlICHHS KX 3a]1a4 € YHCEIbHO-aHATITUYHI 1 YHCETbHI METOIH.

HaBenena marematnyHa MOJENb MPOLECY MOIIMPEHHS PEYOBMHU y BOJOWMHIII YU BOJOTOL
MoOke OyTu 6a3010 /Ui CTBOPEHHS IMITaliiHOT MoieN1 pOopMyBaHHS IKOCT1 BOJIM Yy BOJIHIN €KOCUCTEMI SIK
3a TAPOXIMIYHUMH, TaK 13a 010JOTTYHUMU TTOKa3HUKAMH.

5. BusHauyeHHs HeBiZOMMX MapaMeTpiB MojeJIi.

[Ipouec 3a0pyaHEHHS BOAM — 1€ IMHAMIYHUN OaraTocKiIal0BUi HECTALlIOHAPHUH MpOLIEeC.

1. Ilo-nepuie, 3a0pyAHEHHS BOJM MOXE B1AOYBaTHCS MPAKTUYHO B yCIX HampsMKax BiJl MICIS
BUITYCKY cTOKIB. [Ipu ckumaHH1 cTOKIB 3 Oepera 3a0py/AHIOIOUl PEYOBUHH i TUCKOM HAIXOKEHHS 3
JpKepelia Bce HOBUX 00'eMIB CTIUHUX BOJ MEPEHOCATHCS BCE JIalll Bil TOUKH iX BUITYCKY B YCIX MOKJIMBHUX
HampsIMKax BiJ] MICIS BUITYCKY CTOKIB 3a YMOBH BIICYTHOCTI MEpENIKOAM Ha iX HIUIAXY. Y BHIAIKY
HEMPOTOYHOI BOJIOMMH IpoOIiec MOUIMPEHHS 3a0pyAHEHHS BOJIM MOKEe BiIOYBaTUCS B YCIX HampsMKax 0e3
BUHSATKY Ha Bechb 00'eM 11 BOJM YM Ha SKYCh NEBHY YaCTUHY 1i 00'eMy 3aJe€XHO BiJ YMHHUKIB. 30Ha
3a0pyIHEHHSI HEMTPOTOYHOT BOJOWMH Ha MOBEPXHI il BOJAM Mae BHIJISL MIBKOJIA TIPU CKUJAHHI CTOKIB 3
Oepera a0o KoJa TP CKUJIaHHI CTOKIB Ha JIeAKIN BiJcTaH1 Bij Oepera Ha AHI BOJOWMH, Ha il TOBEPXHI UM
Ha SKIACh TIAWOMHI. Y BUNAAKY BOJOTOKY (PIKM) UYMW TPOTOYHOI BOJOMMH TIPOIEC TMOMUPEHHS
3a0pyIHEHHs BOJIM MOJKE BIIOYBATHCS JIUIIE Y IEBHOMY HANpsAMKY, 00yMOBJIeHOMY Tedieto. [Tpu mpomy
30Ha 3a0pyaHEHHS Ha TOBEPXHI BOAW MAa€ BHIJIS CEKTOpa, B IICHTPAIBHOMY KYTi SIKOTO MICTUTHCS
JDKEpeso, TOOTO Ha MOYaTKy cucteMH koopauHat XOV.

2. Ilo-apyre, mporiec PO3MOBCIOHKEHHS TOMIIIOK Y BOJII XapaKTePU3YEThCA iX MEPEHECEHHSIM Bijl
MiCIISI BUITYCKY CTOKIB y JIEIKOMY HaIlpsIMKY Ha JIESKY B1ICTaHb B/l MICIISI CKUTY.

®dakTop yacy Mae Mpu LbOMY Oe3nocepelHiil BIUIMB Ha MpOIleC MOIIUPEHHS 3a0pyAHEHHS Ta
PO3MIpH 30HH 3a0pyTHEHHS.

PosrisiHemo cxemy, 110 UTIOCTPY€E OCHOBHI MOMEHTH IPOIECY PO3MOBCIOKEHHS 3a0pyAHIOI0UNX
PEYOBHH y BOJII BOJHOTO 00'€KTa B 30H1 JKEpeia CKUIIB y cucTeMu koopauHat XOV.

Cxt) |C(x+1t+1)
Ce(0.0

Xo Xi-1 Xi X1 X

Puc. - Cxema po3noBcroKeHHs 3a0pyTHIOIOUUX PEYOBHH Y BOJII B 30H1 CKH/IIB CTIYHUX BOJ]

Tak, sKImO po3riasAaTé BMICT 3a0pyIHIOOYOi PEYOBHHU B OJMHUIN 00'eMy BOJM (HAIpUKIAZ,
r/Ky0.M), Ha TeBHIH BiAcTaHi Bl Micli BUIYCKY CTOKIB XO Ha Biipi3ky mpsmoi Xo, Xn B Toukax i3
KoopauHaTaMu X1, X2, X3,...,Xi1, Xi, Xit+l,...,Xn, B TIEBHI MOMEHTH 4acy ti1, t2, t3,...,tiq, ti, ti+1,..., th, TO
KoHIeHTpauis C aHOi peYOBHHHU B IIUX PO3PaxXyHKOBUX TOUKax Oy/Je XapaKTepU3yBaTHCS 3HAUCHHIMH
Cxl,tl 5 Cx2,t2; Cx3,t3;---; Cxi—l,ti—l; Cxi,ti; Cxi+l,ti+l;---; an,tn-

[Ipu 1pbOMY KOHLIEHTpAIlisl pEUOBMHH 3MEHIIYEThCA 13 BIIJAJCHHSAM TOYKHM BUMIPY Bi JDKepea,
TOOTO Cyiti> Cxi+14i+1 32 yMoBH Xi < Xi+1.



[leBHa piu, 3a0pynHEHHS BOJOWMH BiIOYyBa€ThCs 3BHYAMHO MO BChOMY ii 00°’€eMy BOJHM B YCiX
HampsMKax, a He Jume 1o ofHid jiHil. CeKkTop MOIMpPEeHHS XapakTepusyerbcs Kyrom ¢. Kyt ¢ (B
pamiaHax) - IIe KyT CEKTOpa, B SKOMY TOIIUPIOEThCA 3a0pymHeHHs. lleil cekrop mepm 3a Bce
XapakTepu3ye 30HY 3a0pyAHEHHS pidOK. Y BHIAIKy HEMPOTOUYHOI BOJOWMH MPHU BHITYCKY 3 Oepera ¢ =
3,14(m), a KoJIM TOUKA BUITYCKY CTIYHUX BOJ BifmaneHa Bixg Oepera ¢ = 6,28.

OnHOBUMIpHA MOJIENb NIEPEHECCHHS 3a0pyJHIOIOYNX PEYOBUH Y BOJOTOLI (piKax) Mae BUTIISA:

(Canr1 - C)/1=D (Cit1p2Cin + Ciean) / AX2- W (Cier1n - Ciet) / 2AXK + ACin + X tn) £ (Xt

ne C — KoHIeHTpallis 3a0pyIHIOIY01 PEYOBHHU;

D — koeoimienT TypOyneHTHOT TUY3ii;

W — mBUAKICTH BOJIOTOKY;

A — TMOKa3HUK MIBUKOCTI pO3Maay PEUOBUHH (CAMOOYHIIICHHS);

f — dyHKIIisA TOTY)KHOCTI [KEpea CKHUIIB, 10 JICKUTh Ha MOYaTKy KOOPAWHATHOT CUCTEMHU;

1 — BUXiJHA BETMYMHA 3 KpallOBUMH YMOBAMH JJIsl IAHOTO BOJIOTOKY;

K, N — KOOpJAWMHATH Yy TMpOCTOpl 1 yaci po3paxyHKOBOI BeNWYMHM KoHLeHTpauii Cxili B
pO3paxyHKOBii Toulll X1 CTBOpY;

T — KPOK y 4aci JUlsl BU3HAYEHHsI TAJIbHOCTI MEPEHECEeHHs 3a0py/AHIOI0YMX PEYOBUH Y MOTOIIl BiJ
JoKepena 0 po3paxyHKOBOI TOUKH (YacCOBHI KPOK);

t — iHTEepBaN Yacy, BOPOJOBXK SIKOTO BUKOHYETHCS JOCIIDKEHHS TPOIIECY MEPEHECCHHS PEYOBHH
3a JOTIOMOTOI0 JaHOi Mozeni (po3paxyHkoBa KoHIeHTpallisi Cyn 3a0pyaHIOI0U0i PEYOBHHU B TOYIIl 3
KOOpJIMHATaMHM Y IPOCTOPI K 19aci n 3 KPOKOM y npocTopi h 1 KpokoM y yaci 1);

h — kpok 1o BiZicTaHi Ha JOCTIPKYBaHOMY Biipi3ky Xo, Xn;

AX — TOBXKHWHA Bipi3Ka, HA AIKOMY BUKOHYETHCS JTOCTIKEHHS MPOIECY NMePEHECEHHS PEYOBHUH.

JIoBXWHA Bifpi3Ka, Ha SKOMY BUKOHYETHCS IOCIIDKEHHS TPOIECY IMEPEHECCHHS PEYOBHUH, Y
3a/IaHli CHCTeM1 KOOpJWHAT NopiBHIOE BenmmunHI AX = Xn — Xo, Ae X0 - moyaTkoBa 1 Xn - KiHIIEBa
KOOPJAMHATH JOCTIKYBAHOTO Bipi3Ka.

Binpizok Biactani Ax po3buBaerhcsi Ha N piBHHX YacTHH 3 KpokoMm h = (Xn — Xo) / N. Bigrak
KOOpJMHATa KOXKHOI K-01 pO3paxyHKOBOI TOUKHM XK Ha HbOMY (@ MPU HATYPHUX AOCTIIKEHHSIX — TOUKH,
ne mpoBoaaTh 3aMipu C) mae 3HaueHHS XK = X0 + K h, 1e kK — MOpsAaKOBUII HOMEP TOYKH HA ILOMY
BIJIPI3KY.

AHaJoTiyHO 4YacoBWH iHTEpBal At= tpoy — lwiw po30uBaeThbcsi Ha N PIBHUX YacTHH 3 KPOKOM
T = At/ N. Binrak yacoBa KOOpiMHaTa N KOXHOT PO3paxyHKOBOT TOUKH XK Ma€ 3HAUCHHS tn = to + KT.

OTmxe, 3aBaHHs PIBHSIHHS MOJISArae y 3HaX0/HKCHHI TAKUX YUCIOBUX 3HAUEHbD:

D — koedimienta TypOyneHTHOT U y3ii;

W — mBHAKOCTI BOJIOTOKY;

A — IIBUJKOCTI pO3Maay 3a0pyIHIOIYHNX PEYOBHH 32 PaXyHOK MEXaH1KO-010JOTTYHUX MPOIIECIB iX
MepPETBOPEHHS.

3a3HauuMo, o PyHKIIA A (X,t) BU3HAYAETHCS Y MPUPOJIHUX YMOBAX JYKE BAXKKO.

6. Mogeab IMHAMIKM OpPraHiyHoOi Pe4YOBHMHM i PO3YHHEHOI0 KHCHIO 3 YPaxXyBaHHAM
po30aBJieHHH i BOZ0OOMiHY.

[IporHo3 crany nmoBepXHEBUX BOJI Oa3yETHCS HA MamMeMamuyHoOMY MOOeN08aHHI TIPOIIECIB
(dbopMyBaHHS SKOCT1 BOJU 3 OOTIKOM iICHYIOUHX 1 IJIAHOBAaHUX 30BHIMIHIX BIUIMBIB HA BOJHUMN 00'€KT.
Moneni sKkocTi BOJU MOXKYTh OYTH pi3HOT CKIaHOCTI. UMM CKIaAHIIII MO/IeIhOBaHI MPOLIECH, THM
OUIBIY KUTBKICTh MApaMeTpiB BKIIOYAIOTh Y MOJIENb. Y IJIOMY CTaH BOJHOTO CEpeIOBUILA S MOKHA
OIHCATH 3aJICKHICTIO TUILY:

S=f(P,L,S0,G,B,M),

ne P — rinponoriuti pakropu; L — amnoxToHHe (ranocHble 0Opazosanus, npoucuieouiue om
CKONNIeHUsL MAMePUANd, NPUHECEHHO20 U3 OPYeUX MECM, HANP., OMIONCEHUSL KAMEHHO20 Y2lis cpeou
MOPCKUX 0ca0Ko8) i aBTOXTOHHE HAJIXOJUKEHHS PEYOBUH; So — MOYaTKOBUI CTaH BOJTHOTO
cepenoBuia; G — reomerpis BOJHOTO 00'ekTa; B — 010XIMI4HI 1 XIMIYH1 peaKilii, 110 Bi10yBalOThCA Y
BOJHOMY 00'e€kTi; M — KIIIMaTU4HI 1 T1IPOMETEOPOIOTIYHI YMOBH.

Jl1st orepaTUBHOTO MPOTHO3Y 3BUYaHO BUKOPHCTOBYIOTH TUHAMIYHI MOJEII, 110 JO3BOJIAIOTH
BpaxoBYBaTH MIHJIMBICTh CTaHy BOJAHOTO 00'ekTa B yaci. [Ipu cepeqHbOCTpOKOBOMY i



JOBTOCTPOKOBOMY/PO2HO3V8AHH] BAKOPUCTOBYIOTHCSI CTATUCTUYHI i aHaMiTH4HI Mojelni. CTaTUCTHYHI
MO/IeTi 3aCHOBAHI Ha aHai31 1 CTATUCTHYHIN 00pOoOIIi eKCIIEpUMEHTATIBHHUX JTaHUX, OTPUMAaHHX
0e3mocepeIHbO Ha JIOCIIKYBAHOMY BOJTHOMY 00'€KTi. AHAITUYHI MOJIEI JO3BOJISIFOTh BUKOHATH
MIPOTHO3 SIKOCTI BOJIM, BUKOPUCTOBYIOUM TEOPETUYHI MPEACTABICHHS PO MPHUPO.Y i OCHOBHI
3aKOHOMIPHOCTI MOIeIbOBaHUX TporeciB. Llel kinac moenelt Binpi3HAe€ThCS OO0, Y MOPIBHSAHHI 13
CTaTUCTHYHUMH MOJICJISIMHU, YHIBEPCAIBHICTIO 1 0JIEpKaB IIHUPOKE IMOIIHUPEHHS B IIPOTHO3HUX
pO3paxyHKax.

3a piBHEM CKJIaTHOCTI MOJIEIIi SIKOCTI BOJIY TMOAUISIOTH Ha 4 OCHOBHI IpyIIH:

* 0aJIaHCOBI MOJIEJI1, B OCHOBI SIKUX JIC)KUTH OaJIaHC MK HAXOKEHHSIM, 00CATOM 1 3MIHOIO B
pe3ybTaTi BHYTPiBOJOWMOBHX IPOLIECIB MACH PEYOBUHU Y BOJTHOMY 00'€KT,

* OJIHOKOMITOHEHTHI MOJIEIi, 0 OMUCYIOTHh TpaHC(HOPMAIIIF0 OKPEMHX PEYOBHH Y BOJTHOMY
CEPEeIOBHIIIL;

* IBYXKOMITIOHEHTHbBIE MO/IEJII, 1110 ONMHUCYIOTh B3aeMo3aiexxHy Tpancgopmanito bIIK 1
PO3YHMHEHOTO KHCHIO B TPUPOJHHUX MIOBEPXHEBHUX BOJAX;

* 0araTOKOMIOHEHTH1 MOJIEJN], III0 ONMHUCYIOTh B3a€EMO3aJIEKHY TpaHC(POpPMAIlil0 PEYOBUH Y BOJIHII
Maci.

Jlexkmia Ne 11
Tewma: [IporHO3yBaHHS HACTIIKIB JIFOJACHKOT AISUTHHOCTI.
Merta: Po3kpuTti 0COOMMBOCTI MPOTHO3YBAHHS HACTIIKIB JTIOJCHKOI TISTTLHOCTI.
[Ipodeciiina cnpsmoBaHicTh. Matepian Jekmii 3HAHOMHUTH MaWOYTHIX CHEIIaTICTIB EKOJIOTIB 13
0COOJIMBOCTSIMU MPOTHO3YBAHHS HACIIKIB JIFOJCHKOT TISUTBHOCTI.
[Tnan
1. TIporHo3yBaHHS HACTIAKIB JIFOJCHKOT AISUTBHOCTI.
Teker
Bubip MeToiB mporHo3yBaHHS BU3HAYAETHCS HACTYITHUMU KPUTEPISIMU:
1. Crnenudika 00'ekTa MPOTHO3YBAaHHS:
— TmpeaMeTHa 00J1acTh,
— XapakTep MpOTrHO30BaHUX MPOIIECIB,
— XxapakTep BUXiHOI iHpopMarlii (KiIbKiCHA, SKICHA),
— XapakTep pe3yabTyrdoi iHpopmariii.

2. [Tepiox monepekeHHs (TOPU30HT MPOTHO3YBAHHS ).

3. [[iHHICTH MUHYJIOTO JOCBiNY (3aJ€KHUTH BiJ] CTYIICHs TYpOYJICHTHOCTI CEpEAOBHINA).

4, HoBwu3Ha po3B's3yBaHOTO 3aBlIaHHSL.

5. MOoXIHBICTh 3ay4EHHS aHAJIOTIH.

6. CkaiHICTh 1 BapTiCTh OJICpKaHHS HEOOXIIHOT BUX1IHOT iH(opMaIii.

KinbKicHI MeTOIM POTHO3YBaHHSI BAKOPUCTOBYIOTHCS MPH CITIBIIAIaHHI HACTYITHUX YMOB:

1. Bupimryerbcsi TpuBiaNbHE 3aBIaHHS IPOTHO3YBaHHS (HAMPHUKIIAJ], TIPOTHO3 XapaKTEPUCTHK
MOMYJISIIT B epioJ JOCATHYTO1 pIBHOBArH).

2. AHANITUK Ma€ y CBOEMY po3mopsKeHHI dakrorpadiuny iHdopmalio KUIbKICHOTO
XapakTepy.

3. Cepenosuiie (mporHo3Huii GoH) cradbinpHe ab0 NmepeTepriyio He3HaAUHI 3MiHU.

4. JluHaMiKy 3MIHM IPOTHO30BAHOI 3MIHHOI MO>KHA ONMMCATH MPOCTOI0 (YHKIEK (JIIHIHHOT,
€KCIIOHEHTHOO U T.1.).

S. BusiBneHo B3a€eMO3B'I3kM MK (pakTopamu, $Ki ONHUCYIOTbCS NPOCTUMH KUIbKICHUMH
3aJIeKHOCTSAMMU.

6. Ilepion mnomepemkeHHs He 3aHAATO BeNUKUN (omepaTuBHE ab0 KOPOTKOCTPOKOBE
MIPOTHO3YBaHHS).

SIKicH1 METOIM MPOTHO3YBAHHS BUKOPUCTOBYIOTHCS MTPHU HACTYITHUX YMOBAX:

1. Hemae ganux npo MUHYJIUI pO3BUTOK IPOTHO30BAHOTO SBHUIIIA.

2. Po3BUTOK siBUIIa B MUHYJIOMY HE Ja€ MOXKJIMBOCTI mepeadaunTy MaiOyTHI mofii (pizko

3MIHUJIOCS] CEPEIOBHUIIIE).



3. [Iporuo3oBane sSBUILE XapaKTEPU3YETHCS MEPEBAKHO SKICHOIO 1HPOPMALIIETO.

4. He 3ananTo BenMKMI pPH3UK YXBaJCHHS HEBIPHOTO pIIEHHS Yy BUNAAKY ITOMUJIKH
IPOTHO3Y.

Y TOMy BHMAiKy, SKIIO YXBaJCHHS HEBIPHOTO pIMICHHS CHPUYMHSIE CEpHO3HI HACIIAKH,
nepeBakae sKicHa iHQopmamis W BHpIIIYeThCS HECTaHIAPTHE TMPOTHO3HE 3aBIaHHS, HEOOXiTHO
3aCTOCOBYBAaTH KOMOIHOBaHI METO/IM TIPOTHO3YBAHHSI.

. A7l CydacHOTO CTaHy €KOJIOTTYHOTO MPOTHO3YBaHHS XapaKTepHi YOTHPH OCHOBHHUX MPHHIIUIIH.

1. [IpuHIMTT MHOXKMHHOCTI MOJIENIel — Il TPOTHO3YBaHHS KOHKPETHOI EKOJIOTIYHOT
CHUTYalii MOXJIMBa 1M0OYyI0Ba KUTBKOX, OJHAKOBO JOCTOBIPHUX MaTEMaTHYHHX MOJEIEH.
2. [puniun OMHINOTEHTHOCTI  ¢akTopiB. IcHyoTh  Qakropu (BOHH  3BYTHCS

OMHINOTEHTHUMH, TOOTO BCEMOTYTHIMH), SIKi BUOpa i CHOTOJAHI 3HAYMMO HE BIUIMBAIM Ha JAWHAMIKY
€KOCUCTEeMH, aJie SIKi MOKYTh MaTH Ha Hel BU3HAYAIbHUI BIUIMB 3aBTpa. KIITaCHYHUM MPUKIIAJIOM MPOSIBY
OMHIITOTEHTHOCTI MO’KHa BBa)KaTH BCl TiAPOOIOJIOTIYHI TMPOTHO3M PO3BUTKY BOJOMMHII, LI0 "HE
noMITUIN" eQeKTy LBITIHHS BOJOWM (kojJeH mporHo3!), Xxoua 10 iX MOOYJOBHM 3allydajlucs Kparii
(baxiBiri.

3. [IpyHIMI KOHTPIHTYITUBHOI MOBENIHKU CKIaAHMX cucTeM. CkiaaHi cucTeMHu (y TOMY
YUCI1 ¥ eKOJIOTIYH1) TOBOASTHCS 30BCIM HE Tak, SIK MiJKa3ye HaM Hamla IHTYIis, TOOTO MOBOASITHCS
KOHTPIHTYITUBHO.

4. TlpyHOMT HEBIAMOBITHOCTI TOYHOCTI 1 CKJIAJHOCTI: MOHATTS "TouHocTi" 1 "ckimamHocTi" TpHu
MIPOrHO3YBaHHI CTPYKTYpH 1 MOBEAIHKM €KOCHCTEM 3B'SI3aH1 3BOPOTHOIO 3aJEKHICTIO - YUM TJHOIIe
aHaJIIBYETHCS pealbHa €KOCHCTEMA, TUM MEHIII ME€BH1 Hallll CY/KEHHS PO ii MOBEIIHKY.

3acToCyBaHHs pe3y/IbTaTiB MPOTHO3YBAHHS Mepeadavac:

1. BusHayeHHs cdepu BUKOPUCTAHHS IMPOTHO30BAHOI MOJIT a00 KOMIUIEKCY MOJii (CTBOPEHHS,
HaIpUKJIaJ, HaBYaJIbHUX 3aKJIaJIB HOBOTO THITY, OPIEHTOBAHMX HA IHHOBAIlIMHE YTBOPEHHS ), KUTbKICHUX 1
SKICHUX 30BHINIHIX 3B'SI3KIB MPOTHO30BAHOI TOAIi 3 IHIIMMH TIPOLIECAMH W CHCTEMaMH, IXHBOTO
B3a€MOBILIUBY i B3a€EMO/Il.

2. BusBneHHs WMOBIPHOCTI HAaCTaHHSA CaMHX paHHIX 1 CaMUX MI3HIX TEPMIHIB MPOTHO30BAHMUX
MO, a TakoXX TUX (DAKTOpIB 1 3aXOMdIB, AKI MOXKYTh «IPUCKOPIOBATH» a0 «3araJbMOBYBaTW» IIi
TEPMiHH.

3. BuzHaueHHS OCHOBHHMX TEHJICHIIH pPO3BUTKY JaHOi cdepu W MOMXKIMBHX TMOJIIA, 3JaTHUX
BIUTMHYTHU Ha PIIIEHHS IPOTHO30BAaHOI MPOOIeMH, 3MIHUTH 3a/laHUi 1HTEpBaJ yacy.

2.7.2 Criocobu BUpaKEHHS PE3yJIbTAaTIB IPOTHO3Y

Pe3ynbraty mporHo3iB MoKyTh OyTH BUPa)KEHI B TaKHH CIOCIO:

—  TlopiBHAHHS TOKa3HUKIB BITYM3HSIHUX 1 3aKOPJOHHHUX JOCSITHEHb Yy JaHId JOCTIIKYBaHIM
obmacri.

—  Tloxa3Huku eheKTUBHOCTI COLIATBHOTO 3aXUCTY, MIATPUMKHU HACEIICHHSI.

—  OuikyBaHi IOKa3HUKH.

—  Bapiantu po3noauty pecypciB, IXHIX BUJIIB, aAPECHICTD.

— OmiHka CcOI[iaNlbHUX  HACHIAKIB  3aXOMiB, II0 BXHBAIOTHCA  YypSAOM,  acoOIlallisiMH,
aJMIHICTPATUBHUMHM OPraHi3aIlisiMH  T.1I.

—  Ominka e(h)eKTUBHOCTI BKJIQJICHUX 3aCO0IB 1 IHIIMX (PIHAHCOBUX 3aXO0/IiB.

—  OuiHKa MOXIJIMBOCTI 3aCTOCYBaHHS JIJaHMX METOJIB B IHIIMX perioHax i cdepax couianbHOI
MIPaKTHKH.

—  MosxnuBi (hiHaHCOBI pecypcH Ha PIilIeHHs JOKaJIbHUX COLIAIBHUX MPOOIEM.

Jlexuis Ne 12
Tema: [IporHo3yBaHHs BIUIMBY PEXHMY CTPOTOi 3alIOBITHOCTI Ha ekocucTeMu 00 ekTiB [13D.
Merta: Po3kpuT 0COOIMBOCTI MPOTHO3YBAHHS BIUIUBY PEKUMY CTPOTOI 3alOBIAHOCTI HA E€KOCHCTEMHU
00’exTiB [130.
[Ipodeciiina cmpsimoBanicTh. Matepian Jnekiii 3HaHOMHUTH MaWOYTHIX CIEIIaliCTiB €KOJIOTIB i3
0COOJIMBOCTSMH NPOrHO3YBAHHS BIUIMBY PEKUMY CTPOTOI 3aM1OBIIHOCTI Ha eKocucTeMu 00’ ekTiB [13D.



[Lnan
1. MogpentoBaHHS BiJHOBJICHHS EKOCHUCTEM IMOPYLICHHX CUILCHKOTOCIOAAPCHKOI0 Ta TIPHUYOIO
JUSUIBHOCTI.
Tekct

VY mpomeci kimacudikaiii pOCIMHHUX YrpyHOBaHb, YTBOPEHHX B pE3YJIbTaTi BiJHOBICHHS
MPUPOIHOT POCITMHHOCTI, OyJI0 BUSBICHO, IO TXHS CHHTAaKCOHOMIUHA cXeMa CKJIajgaeThes i3 13kiacis, 24
nopsaakiB, 37 corosiB, 90 acomiamiii Ta 0e3 paHrOBUX YTrpYHNOBaHb BIAMOBITHOTO pIBHS i3 IT'SIThbMa
BapiaHTaMH Ta cyOacomiaIisiMu.

CrocrepexeHHs [0Ka3yloTh, 0 BOHA MOYMHAETHCS IMOSBOIO HA 3BUIBHCHIN JUIHIL IPYHTY
OJTHOJITHIX TPaB'THUCTUX POCIUH (e TUMOBI Oyp'sHU:KynbOaba,0coT,MaTH- 1Maqyxa Ta immi). Ixms
nepeBara B TOMY,IIIO BOHU HIBHJIKO PO3POCTAIOTHCS 1 aKTMBHO MPOAYKYIOTh HACIHHSA, IMPHCTOCOBAHE 10
MOIIKMPEHHS Ha Janeki Biacranl. OHaK yxKe uepe3 ABa-TpU POKH iX BUTICHSIOTh KOHKYPEHTU-0araTopiuHi
TpaBu,a MOTIM — YarapHUKW 1 JepeBa. 3 4yacoM IIi JepeBa MiIHIMAIOThCS 1 3MIHIOIOTH CEpelOBHUIIE
ICHyBaHHS. Y TakHil criocid yTBOPIOEThCA JIIC 13 MEBHUM BUIOBHUM CKJIAJIOM TBapuH 1 POCIUH, TPUOIB 1
MiKpoopranizmiB. OTpUMaHHUN HaMU PO3MOALT KJaciB y BIIMOBIAHOCTI J0 MOKa3HUKIB TpaHchopMmarii
BIJINTOB1/1a€ OCHOBHUM TEHJICHITISIM TTPOTIKAHHS CYKIIECIi.

VY 3aeXHOCTI BiJ] YMOB CEpeOBHUIIA CYKIECIIHI cepli MOXKYTh CKJIaJaTUCS 13 PI3HUX €JIEMEHTIB.
Ha me BmiMBaroTh BOJIOTICTH Ta 3arajbHO COJILOBHH pEXHM TIPYHTY, HOTO CTPYKTypa, BIUIHB
aHTPONOTEHHUX Ta pAay IHmUX ¢akTopiB. Ha pocmipkyBaHid TepuTopili MU BHUSBHIM  pSf
3aKOHOMIPHOCTEH uepryBaHHs yrpymoBaHb. Y kiaci Vaccinio-Piceetea HaMM BHOKPEMJICHO acOIIiallifo
yepe3 BIIHOCHY OPUTIHAJIbHICTh MPOTIKaHHS 1 (OpMYyBaHHS, sIKA 3HAYHO BIIPI3HAETHCS HE JIMILIE BiJ
TEHJICHIIIH 11 KJ1acy a i 3arajgbHO1 3aKOHOMIPHOCTI JIJISl PETIOHY.

Mu moxkeMo cepen 6araTb0X MOKJIMBUX BapilaHTIB Mepediry mojii BUAUIUTH TPU OCHOBHUX
Hanpsimu (puc.2 ). Ilepmmii mpencraBnenuii psgom Stellarietea mediae — Agropyretea intermedio-
repentis — Koelerio-Corynephoretea — Cladonio-Pinetum (Vaccinio-Piceetea). Iukomu cromu
BKJIMHIOIOTHCS Artemisiete avulgaris (3a ymoBH pyzepanizallii — HacaMmrepe, 3acCMidyBaHHs B TIO€THAHHI
13 pekpearniero) abo Nardo-Callunetea it Epilobietea angustifolii (Ha TUTIOBHMX HEepHOBO-TIA30JIMCTUX
rpyHrax). Jpyruii Hampsim siBiisie coboro cepiro Stellarietea mediac —Agropyretea intermedio-repentis —
Artemisiete avulgaris — Epilobietea angustifolii — Quercetea robori-petraeae. Inkonu mMixk Agropyretea
intermedio-repentis ta Epilobietea angustifolii Bkiuuioerbes Nardo-Callunetea i3 3aminoro Artemisiete
avulgaris abo 6e3 Hei. 3amMiHa SK 1 B TIONIEPEAHHOMY BHUITAJIKY 3QJICKUThH Bl PIBHS 1 TUITY aHTPOIIOT€HHOTO
BIUIMBY. TpeTs JiHIA, sKa CIOCTEepiraeThCsi Ha TepuTopii paiiony Stellarietea mediae — Agropyretea
intermedio-repentis — Artemisiete avulgaris — Molinio-Arrhenatheretea — Trifolio-Geraniete —
Epilobietea angustifolii — Querco-Fagetea. ¥V neskux Bumaakax KiHeIb IIi€l cepil NpeacTaBisie
yrpymnoBanHs Kiaacy Quercetea robori-petraeae (na 6igHimux rpynartax) abo Robinietea (3a ymoB iHBa3ii
Robinia pseudoacacia Ta HagmipHOTO HaKOMMYCHHs HITpaTiB y IpyHTi). Ilepexin no kiacy Plantegenetea
Majoris MOXIJIUBHI Ui Oyab-siKoi cepii (HalvacTilmie Ha CTajii TpaB’SHUCTOI POCIUHHOCTI) 3a YMOB
peKpealifHoro HaBaHTa)KeHHs. POCIMHHICTH 1IOTO KiIacy c(hOpMOBaHa i3 JOMIHYIOUMX y TIOKPUBI BUIIB
CTIMKMX /0 BUTONTYBAaHHS Ta IHKOJHM JO MacoBHINHOI aurpecii. Bei Tpu cepii Bka3ylooTh Ha YITKY
3aNIeXKHICTh BiI POAOYOCTI IPYHTY, SKa Ha MPSAMY KOPEIIOE i3 3arajJbHUM COJILOBUM pexkumoMm. [lepra i3
HUX XapakTepHa Ui OiTHUX JEPHOBO-MII30JUCTHX IPYHTIB (MIEPEeBaKHO HA MEPEBISIHUX IICKaX), Apyra
JUIS CEepPeIHbO POIIOYMX JAEPHOBO-MIA30JUCTUX a00 301MHEHEHUX CHIIHHOIO BOJSHOIO €pO3i€I0 CIpHX
JICOBUX a TpeTs Ui SCHO-CIpUX JIICOBUX I'PYHTIB. He3alexxHo BiJ MpUHANIEKHOCTI 10 OJHIET 13 cepii,
CIOCTEPIraeThes MOCTYMOBE 3pOCTaHHS MOKAa3HUKIB TpaHc(opMallii Ml yac 3aMIHU OJTHOTO YTPYIOBaHHS
Ha iHIIIe.
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(6,062211) Fobiniztza
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(4.129613)
Koslario-
Corvnephorstea Trifolin-
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Puc. . 3aranpHa cxeMa CyKIECIHHUX cepili 3MIHU POCIIMHHHUX YTPYIOBaHb BiJHOBIIOBAHO1
POCIIMHHOCTI

Ha rtepuropii nponoHoBaHiid uist posmupeHHst [10icbKOro MpUpoHOTO 3alOBiJHHKA CKIATUCS
TUIIOBI COIIaJIbHO-€KOHOMIYHI YMOBHU JJISl MIBHIYHOTO MPHUKOPAOHHSA YKpaiHU. 3 MOYaTKy AEB’SIHOCTUX
POKIB, JIOTOBaHI JEP)KaBOK  CUIBCHKOTOCHOJAPChKI  MIJNPUEMCTBA IEPECTAM  CKCILTyaTyBaTH
MaJIONIPUAATHI U pUTbHUITBA 3eMJti. L{e B CBOO 4epry mpu3Beo A0 Mirpailii npame31aTHOro HaCeJICHHS
B OlnblIi HaceneHi NyHKTH. Ha chOTOAHI YHCEeNBHICTh KUTENIB ASIKUX HACEIIEHUX MYHKTIB HE IEPEBUIILYE
10 oci6 (YepBonocinka, [Tepedbpoau, Toio) a Aesiki moBHicTio Oe3mtoaui ([anera). Pinns ta ciHokocH mif
BIUIMBOM aBTOT€HHOI CYKIECii NepeTBOPIOIOThCS Ha JicoBl ocenuiia. OCHOBHHM BHUJIOM 3aHSTh
MICIIEBOT'O HacelleHHsI € poO0Ta B JIICOBUX MIANIPUEMCTBAX, & TAKOXK CE30HHUM cOip YOPHHLLI, )KypaBJIMHHU,
OpycHuni Ta rpubiB. IIponoBXylOTh B HH3BKMX OOCSATax iATH OKpeMi Taly3l HaTypajbHOIO
CUTBCHKOTOCIIOAAPCHKOTO BUPOOHHUIITBA.

BikoBa cTpykTypa HacelneHHs JAErpaJylodoro THITYy: BEJIUKMHA BIICOTOK 0Ci0 mOCT
PENpPOIYKTUBHOTO BIKy 1 JyK€ HH3bKa YHCENBHICTh MAITed Ta MOJOAIL. [me mocTiiiHe CKOpOYEeHHS
HACEJICHHS, 1110 MPU3BOIUTH 10 3HWKEHHS THCKY Ha PUPOIHI €eKOCHCTEMH.

Ha wiif Teputopii cnocrepira€ThCsi HaA3BUYAHO BHUCOKE 0ararcTBO iCTOPUKO-KYIbTYPHOT
cammuHu. MoBa i1e po YUCIEHH] ICTOPUYHI Ta apXeO0JIOTTYHI MaM’ ITKH, 100 OUIBIIOCTI 13 HUX Oyio
IPOBEACHO JIMIIE TOBEPXHEBE OOCTEXKEHHA. TakoX MH CIOCTEPIraeMoO 3aJMIIKH ABTEHTUYHUX



KYJIbTIB(aBTEHTHYHOI JIEMOHOJIOTI], TMOXOBAJIbHUX, BECUIPHUX Ta IHIIUX pHUTyaldiB # oOpsAmiB) Ta
npoMHCIiB (OOPTHUIITBO, 3HAXAPCTBO, MIPABHUIITBO, BUIIMBKA, TKAITBO TOII0). HailOuibmnM enemMeHToM
KYJIBTYPHOI CHIAJIIUHUA PETIOHY € HOCIi YHIKaIbHOTO CEPeTHBOTOIICHKOTO JIaeKTy YKpaiHChKOi MOBH,
kUil 3a cnoBamu nipodecop M.B. HukoHuyka € 3anumikamMu mpacioB’sTHChKOT MOBU. Ha Kpsbki yacTuHA
TEpUTOPil PO3IIUPEHHS BXKE 3HAXOOUTHCA i OXOpOoHOK. TyT 3HAXOAATBCS 5 NPHPOTOOXOPOHHHUX
00’ekTiB 3aranpHOI0 Twomero 8389,8 ra. 3 HHMX oJHA MaM’sTKa MPUPOIHM JEPKABHOTO 3HAYCHHS Ta
YOTUPU 3aKa3HWKH MicueBoro 3HaueHHs. [lepmoi Oyna opranizoBaHa OoTaHIUHA MaM’sITKa MPHPOIU
«KopniiB» B 1975 poti. octanHIM JicoBuii 3aka3HUK «CroBedaHChbKO-OBPYIIBKUI KPSIK» OpraHi30BaHUM
y 1998 pori

Mu BunuisemMo naHamadTHI €KOCUCTEMHU 3a reo0OTaHIYHUM pailoHyBaHHSM. Teputopis KpsKy
HanexuTh 10 KopocreHncrko-Kutomupcerkoro okpyry ¢isuko-reorpadiunoi obmacti KutoMupcbkoro
(entpanbnoro) Ilomiccs. Teputopis KpsKy AUIMThCA Ha JABa paiioHu: YepBoHcbKO-I oponenpkomy
paiioHy anuao(uIbHUX CKelIbHO AyO0oBUX JiciB Ta OBpylLbKOMY palioHy 1yOOBO-TpaOOBHX JICIB, SIKI
MTOBHICTIO KOPEIOIOTH 13 TPAJAULIHHUM HOJIUIOM Kpsi’Ka Ha JIECOBY Ta CKEJSCTY (KBapIUTHY) YaCTUHU
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Puc. Kapra-cxema po3mimenns jangmadraux ekocucreM CioBe4aHCcbK0-OBpylbKOro
KpsKa.

Ilosicnenns1 n0 puc: YMoBHI mo3HaueHHs: | — Mexi reoboTaniyHuX paiioniB; I — mexi
reoboraniyaux ypouni; Il — ¢isuko-reorpadiuna mexa kpsoka; [V — piuku i ctpymku; V- HaceseHi
nyHkTH. la — Txopunceko-Ilimanuiibke ypouuiie anuaoQpiIbHUX COCHOBO-IyOOBUX ICiB; 2a —
birynceko-T'oponeribke  ypoumine anugopiIbHUX COCHOBO-AYOOBO-POJOJICHAPOHOBUX JiciB; 3a —
YepBoHChKO-I 0poJienibke ypouuIlle THIOBUX alUJ0(UIBHUX CKeNTbHO-1yOOBHX JIiciB; 4a — JINCTBUHCBHKO-
Ilepebpochke ypouuie anuao(uIbHUX COCHOBO-AyO0BHX; 16 — 'opoaernpko-CrioBeuaHChbKe ypOUHILEe
0aJOK 13 TUNOBUMHU IIUPOKOJUCTIHMMHU JicamMu; 20 — biikiBcbke ypouuiie Oalok i3 CHIBHO
TpaHC(OPMOBAHOIO POCIMHHICTIO; 30 — BeninHuipke ypouuine 0alok i3 4aCTKOBO TPaHC(HOPMOBAHOIO
pocnunHicTIO; 406 — lmiMkiBebko-Knmnenpke ypouwiie Oalok 13 CHJIBHO TpaHC(HOPMOBAHOIO
pocIHMHHICTIO; 56 — JIeBkoBUIIbKO-KOpeHiBChbKe ypouHIle arpapHUX yrijib 1 IpUOEepeKHUX YarapHuKiB; 1B
—Y60pTchK0-CIOBEYHSIHCHKUN PalflOH COCHOBHX JIICIB 3€JIEHO-MOXOBHX 1 JIMIIAHHUKOBUX, ME30TPOGHHUX
Ta oJiroTpodHux Jicis; 2B — XKepeBchkuil paliloH COCHOBHUX JICIB 3€JI€HO-MOXOBHX.



Onuparounck Ha reoO00TaHIYHI TaH1 MU BUIUTIEMO TaKi JTaHAMA(TH(D EKOCUCHEMHU:

1) Txopunceko-Ilimanunpke ypouuie auaopiibHUX COCHOBO-IyOOBHUX JicCiB (po3TamoBaHe Ha
MIBHOYI KpPsDKa, CKJIAJAETHCS 3 ISITH CKEJSICTUX MAacHBiB, 3alHATHX TpaHC(HOPMOBAHHMHU JICOBUMHU
yrijyisiMu, po3aiieHuMu piavkamu CrnoBedHa, SlceHenb, 3BoHKa, [looxaueBka);

2) birynceko-I'opojenpke ypouuiie anuao(puIbHUX COCHOBO-IyOOBO-POJIOIECHIPOHOBHX JIiCiB
(po3TramoBane Ha MiBHIYHUE 3axin Bin miHil biryne-I'opoaens, 3aiiHsaTe TpaHCPOPMOBAHUMHU JIICOBUMHU
YriAsIMK Ta peTikToBUMH yrpynoBanHsmu 3 Hedera helix L);

3) UepBoHChKO-I'OposeIIbEKE ypOUHINE THIOBUX amuIO(PUIBHUX CKEIbHO-IyOOBUX JIICIB
(po3ramoBane B TpUKYTHHKY [opomens — UepBoHka — YcoBo, 3aifHsATE TpaHCHOPMOBAHUMH Ta
MIPUPOTHUMH JTICOBUMH ¥ OOJIOTHUMU YT1IIIMHU );

4) JluctBuHChKO-IIepeOpoachke ypouuine anmuaoPuIbHUX COCHOBO-IYOOBHUX JICIB (po3TamoBaHe
MDK HacelleHuMU nyHKTamu [lepeOpoau i JIucTBuH Ha miBAEHD Bij MJaTO 3 BUCOTOIO 319 1 Ha MIBHIY BiJ
Bucot 250 i 261, 3aitHsTe TpaHCHOPMOBAHIUMH Ta TPUPOJHUMH JICOBUMH i OOJIOTHUMH YTIAJIAMU).

o OBpy1bKOTo paifoHy 1y00BO-TpabOBHX JICIB HATIEKHUTH:

1) Toponeupko-CiaoBeuaHChbke YypouMille OaloK 13 THUIOBUMH IIUPOKOJMCTSIHUMHU JICAMU
(BKIIIO4ae B cede 3axXiJHy YaCTUHY JIECOBUX MacUBIB 0 JiHIT Beprna —YepeBkn);

2) binkiBcbke ypouwie OajoK 13 CHJIBHO TpaHC(HOPMOBAHOK POCIMHHICTIO (BKJIIOYae B cede
TepUTOPIi 3 OarKaMu JOJIMHU piuku buika);

3) Benignuipke ypouniie 0agoK i3 4aCTKOBO TpaHC(HOPMOBAHOKO POCIHHHICTIO (BK/IIOYa€E B ceOe
TEepUTOPIi 3 OarKaMu Ha MIBIAEHHOMY CXUJI1 KpsbKa MK JOJUHAMU piuku binka ta piuku [niMka);

4) ImmMkiBcbko-KnuHenbke ypouuine OajgoK 13 CHIBHO TpaHC(HOPMOBAHOK POCIHHHICTIO
(BkITIO4aEe B cebe TepuTopii 3 OaTkaMu Ha MIBJACHHOMY CXHJI1 KpsiKa B IOJIMHU piuka LimiMka 10 JoauHI
piuku Knnnenp);

5) JleBkoBuIbKO-KOPEHIBCHKE ypOUHINE arpapHUX yrigb 1 NOpUOEPeKHUX YarapHUKIB
(po3TamoBaHe Ha MIBHIYHOMY CXWJI1 JIECOBOI YACTUHU KpsbKa M MPOCTATAETHCS HA CXIiJ BiI JIOJUHU PIUKH
Scenernp).

Ha miBgens Bix cema UepeBKH B370BX MIBASHHOTO CXHITY KpsbKa BY3bKOIO CTPIYKOIO TSATHYTHCS
THTIOB1 COCHOBI Jrich. J{oB)KMHA 11i€1 CMyru CTaHOBUTH OJM3BbKO 8 KM a mmupuna 6inst 700 m (Bim 300 m 1o
2200 m). POCIMHHICTD 1 MOKa3HUKH (PaKTOPIB CEPEIOBHINA BIIMIHHI Bifl pEIITH TEPUTOPIi Kpshka. BoHn
moi0Hi1 10 cycimHboro XKepeBCchKOro paiioHy COCHOBHX JIICIB 3€JICHO-MOXOBHX, SIKUH MIPUIISITae 10 KpsbKa
3 miBACHHOTO cxoay. HamexHicTs 11iei Teputopii 10 YepBoHCchKO-I Opoaenpkoro paioHy anuaopuibHUX
nyOOBHX 1 CKENbHO-IyOOBHX JICIB CyMHIBHA. AHAJOTIYHA CHTYaIlis CIIOCTEPIraeThCs Ha IMIBHIYHO-
3axigHid okoauIl Kpspbka. Lls teputopis mpuisrae a0 YO0pTchko-ClIOBEYHSIHCHKOTO T'€000TaHIYHOTO
pariony IliBHiuYHOMOJMICKEKOT Okpyrn. OTxe Ha TepuTopito Kpsbka (Bumie 200 m Haj piBHEM MOps 3
BHUXOJIaMU OBPYIILKUX KBapIUTIB) 3aX0JATh OKpaiHu YOOPTChKO-CIOBEUHAHCHKOIO pailoHy COCHOBHUX
JICIB 3€JIEHO-MOXOBUX 1 JTUIIAWHUKOBUX, ME30TPO(HUX Ta onirorpodHux 60miT 1 KepeBchbkoro paioHy
COCHOBHX JIICIB 3€JICHO-MOXOBHX. Y MeXaxX KOXKHOI 13 JIaHamapTHUX €KOCHCTEM Ji€ CBid OallaHC MK
QIOTeHHUMU (B OCHOBHOMY, MpPSIMHUMH Ta OINOCEPEIKOBAHMMHU AHTPONOTEHHUMH) Ta ABTOTEHHUMU
BILTUBaMU. B pe3ynbTari 1bOro 3 4acoM BiIOYBAETHCS 3MILICHHS MOJIOKEHHSI OPAMHALIIHHOTO MOJIs COIii
B Mexax enado-IMHaMIYHOT MoJen. MU MOKEeMO CIOCTepiraTu TpU CKIaJHOOPraHI30BaHUX MPOILIECH:
MepeBakaHHd aBTOTEHHOI cykuecii mo Beae a0 (GOpMyBaHHS JICOBUX JaHAMA(TIB i3 mIpajicamu;
piBHOBara MK MPOTUIISKHUMHM IpolliecaMy 110 3yNHUHs€E IMHAMIYHI 3MIHU B JaHamadTax; nepeBakaHHs
aJIOTEHHMX MPOLECIB, 110 BEJE IO TUMUYACOBOI JieTpaiallii pOCIMHHOTO IOKPHUBY.

Bunineni mponeci aHamizy TepuTopiaibHOi JudepeHmianii eKoXopu IeB’ATh JaHIMIA(QTHUX
€KOCHUCTEM JIO3BOJISIIOTh y3arajbHIOBAaTH JlaHI MPO BJIACTUBOCTI B3a€MOIOB’SI3aHMX EKOCHCTEM, IO €
OCHOBOIO JJIsi TPOTHO3YBAaHHSA iXHBOTO PO3BHUTKY, BHPIINIEHHS MpoOiaeM co30J0ril Ta onTuMizamii
IPUPOJOOXOPOHHOT Mepexki. OcoOiuBe MNpakTUYHE 3HAYEHHS Mae€ TOTEHIAn PO3BUTKY sjep
010p13HOMAHITHOCTI PEriOHANBHOTO 3HAYEHHS B MEXaxX €KOMEpexi, A SKUX MaciTad reo00TaHIYHOTO
paiiony yacto He3pyuHuid. KpiM TOro 3a moka3HHMKaMU UYUHHHKIB CEpPEJOBHINA E€KOCHCTEMHU KpsiKa
ommx4i 1o JlicocremoBoro Hik [lomickkoro Ty, IO MiABHINYE HAYKOBY IIHHICTH iH(opMaIii mpo
HBOTO. [[pOBITHUMY YMHHUKAMU CEPEIOBHUIIA € BOJIOTICTh, KUCIOTHICTh, BMICT ocTynmHOTo Hirporeny Ta
BILTUB JTFO/ICHKOT AISUTBHOCTI, SIKi BA3HAYAIOTh €KOJIOTIUHY CHeU(iKy KpsiKa.



IIMTAHHA, TECTU JJIsI CAMOKOHTPOJIIO

TeopeTu4Hi NUTAHHSA

2. [MonsTiiiHMI amapar Ta 3arajbHI NPUHIWINA MOJICIIOBAHHS 1 MPOTHO3YBaHHS CTaHY
JOBKULISA.

3. 3amadi HaBYAIBHOT TUCIUILIIHY Ta 3B 530K 3 IHIIMMH JUCIUTUTIHAMH.

4. [Nonsriitamii anapat. [ToHATTS «MOJEIB.

5. Kiacudikaris moaenei.

6. [TOHSATTS «IIPOTHO3» 1 «IIPOTHO3YBAHHS

1. . OcHOBHI 3aca i MATEMaTHYHOTO MOJICITIOBAHHS 1 TPOTHO3yBaHHS B €KOJIOT1.

8. CraTHCTHYHI METOM MOJICIIFOBAHHS 1 IPOTHO3YBAHHS CTaHY JTOBKLIISA

9. 3MiHHa BeJIMYMHA 1 QYyHKIIS.

10. Enemenrapni pyHKIii.

11. JliniiiHa QyHKII0HAJIbHA 3aJI€KHICTb.

12. [Ipsima 1 06epHEHa MPONOPIIOHATbHI 3aJIEKHOCTI.

13. JNlpoGoBo-IiHiliHA (YHKITIS.
14. CreneneBa ¢QyHKIIIS.

15. [Toka3HukoBa 1 jorapudmigyHa QyHKIIII.

16. TpuronomeTpuyHi QyHKIIII.

17. [To6ynoBa emmnipuyHuX HOPMYII, METOI HAHMEHIIINX KBaJpaTiB.

18. MareMaTtuyHa CTaTUCTHKA.

19. Perpeciitni mozeni.

20. AHami3 1 MOJISTIOBAHHS YaCOBHX PSI/IKIB.

21. [IporHo3yBaHHsI Ha OCHOBI1 perpeciiHoi MOeIN Ta MOJIEI YaCOBOTO PSIIY

22. MareMaTtuuHi MOJIEINI PI3HUX PIBHIB OpraHi3allii )KUBUX CUCTEM

23. MareMaTtuuHi MO PI3HUX PIBHIB OpraHi3allii )KUBUX CUCTEM

24. Maremartnagi MOJEN B EKOCUCTEMOJIOTTI.

25. JlnHaMika €KOCHCTEM SK HACTIIOK MDKBHUIOBHUX BIJTHOCHH.

26. MopentoBanHs TpohIYHOTO JIAHITIOTA.

27. MopentoBanHs TpohIYHUX JAHITIOTIB B PI3HUX CEPEIOBUIIAX TOIIIO.

28. 3arangbHi IPUHIIAIIA MOJICTFOBAHHS €KOJIOTIYHUX CUCTEM 3a JIOTIOMOTOI0 AU epeHITIATbHIX
PIBHSIHB, CTAIllOHAPHI PO3B’SA3KHU Ta iX CTIUKICTb.

29. MopentoBaHHs TUHAMIKH YHCEITbHOCTI OKPEMUX MOITYIISITIH.

30. «KopcTki» Ta «M KD MaTeMaTHYH1 MOJIEIT1 JMHAMIKH TTOITYJISITI.

31. [IporHo3yBaHHS HACHIIKIB JIFOACHKOT AISUTBHOCTI.

32. MonentoBaHHs 1 MPOTHO3YBaHHS T100aIbHUX 610C(EpPHUX MPOIIECIB.

33. Monaeni Pumcekoro kiny0y: moaens @oppectepa.

34. MopentoBaHHs B IIPOLIEC] OLIHKU CTPATEriii pO3BUTKY CYCHLIbCTBA.

35. MonentoBaHHs B IpoLeci BAOOPY Ta OLIHKU CTpaTErii CTAIOro po3BUTKY

36. [IpuknagHi aCIEKTH MOJICTIOBAHHS

37. MonentoBaHHs 1 MPOTHO3YBaHHS HACHIAKIB aHTPOIIOT€HHOTO BILUIMBY Ha TIOBKLULIIA.

38. AnaniTHuHe MOJENIOBaHHA (i3UYHUX M OIOTMUHUX MPOLECIB Yy AOBKULII MiJl BIUTUBOM
AHTPOTIOT€HHUX YNHHMKIB 1 TPOTHO3YBAHHS HACII/IKIB IbOTO BILIUBY.

39. [Ipouiecu nepeHocy 3a0pyAHIOBAILHUX PEYOBHH Y BOJHOMY CEPEIOBUIIIL.

40. BpaxyBanHs ocijaHHs i po3nay pe4OBHHHU IPU MOJETIOBAHHI.

41. MaremMaTHuH1 MOJIeJli BOJHOT'O 1 FIPOXIMIYHOTO PEXHUMIB.

42. Marematnuni moaemi qguaHamika PK 1 BCK.

43. Bu3HaueHHs HEBIIOMMX MapaMeTpiB MOJAEII.

44, Mojens JUHAMIKM OPraHiYHOT PEYOBUHU 1 PO3UMHEHOTO KHCHIO 3 YpaxyBaHHSIM
po30aBieHHS 1 BOJOOOMIHY.

45, [Iporuo3yBaHHs HACIIKIB JIFOACHKOI TiSIIBHOCTI.

46. [Iporuo3yBaHHs HACTIKIB JIFOACHKOI TiSIIBHOCTI.



47. [Iporuo3yBaHHs BIUIMBY PEKHUMY CTPOTOI 3aMIOBIIHOCTI Ha eKocucteMu 00’ exTiB [13D.
48. MopnentoBaHHsT BiJHOBIICGHHS E€KOCHCTEM TOPYIIEHUX CLIBCHKOTOCIIONAPCHKOD — Ta
TIPHAYOIO JTISUTBHOCTI.

TecroBi 3aBAaHHA

1 BapianT

1. MarepianpHe cepefoBHUIIIe, SIKE CKIANAETHCS 3 MMPUPOJIHUX, AaHTPOTIONPUPOIHUX O0'€KTIB 1
B SIKOMY iCHYE€ JIFO/ICEKE CYCIIBCTBO:

a) reorpadiuHe cepeIoBHINE; 0) TEXHOTCHHE CEPEIOBUIIIC;

B) IIPUPOJIHE CEPEIOBUILE; T') COIIOKYIBTYPHE CEPEIOBHIIIE.

2. Po3ain exosorii, sKuUil JOCTIIKYE €KOJIOTTYHI 0COOIUBOCTI TOTYJISIIIN:

a) ayTeKoJIoTisA;  0) CHHEKOJIOTIS;  B) JEMEKOJIOTI.

3. HaiiBuium piBHeM opranizaiiii >kuBoi MaTepii, IKMH JOCITIIKY€E €KOJIOT s, €:

a) momyssiist;  ©0) ekocucrema; B) Oiocdepa.

4, KommiekcHa cuctema CHoOCTEpeKeHb, OIIIHIOBAHHS 1 MPOTHO3Y 3MIH HaBKOJIMIIHBOTO
CepeIoBUINA:

a) MPOTHO3YBaHHS; 0) CIOCTEPEKEHHsI; B) MOHITOPHHT; T) MOJICITFOBAHHSI.

5. KoHKypeHTOCTIPOMOKHICTh — II€:

a) HOpMaJIbHE ICHYBaHHS 1 PO3BUTOK OPraHi3My B XapaKTEpHOMY JJsl HbOTO cepeaoBuIlli; O)
3/IaTHICTb OpPraHi3MIB BUTPUMYBaTH OOpoThOy 3a pPi3HI YMOBM >KMTTS; B) 3/IaTHICTb OCOOMH J0O HOP-
MaJbHOTO PO3MHOXKEHHSI.

6. Jlesiki ccaBIli 32 HECTTPUATIIMBHX YMOB HABKOJIMIITHHOTO CEPEOBHINA BIAAAOTh Y CIUISUKY.
Ie:

a) AKTUBHUH UISIX TPUCTOCYBaHb; 0) TMACHBHUH IIJISAX MPUCTOCYBaHb;

B) YHUKHEHHSI HECTIPHUATIMBUX YMOB ICHYBaHHS.

7. KBiTka KOHIOIIMHYU MOOYI0BaHA TAKUM YMHOM, IO il MOXKYTh 3alMJIFOBATH JIUIIIE HKMETI.

Ile mpuknan amganraiii:

a) Mmopororiuaoi; 0) ¢i310T0TIUHOI; B) OTOJIOTIYHO].

8. CyKynHICTh MOMYJIALIA PI3HUX BHIIB, K1 3aCENSAIOTh MEBHY OJHOPIIHY AUISHKY 3€MHO1
MTOBEPXHi:

a) 6ionieHo3; ©0) OioreoreHo3; B) ekocucTtema; T) Oiocdepa.

2 BapiaHT

1. Po3gin ekomorii, skuii BHBYaEe (GakTOpW HEKHMBOI MPHUPOIM Ta iX BIUIMB Ha OKpeMi
OpraHi3MH:

a) ayTeKoJIoTisl; ©) CHHEKOJIOTis; B) IEMEKOJIOTIS; TI') F€0EKOJIOTisl.

2. Pi3auis B OynoBi i GyHKIISIX MK OCOOMHAMHU OJHOTO BUAY:

a) MIMIKpisi; 0) KOHIPYEHIIis; B) BHYTPIIIHbOBUIOBUI MOTIMOPQI3M.

3. Merton mi3HaHHsA, AKUH TIepeadadae BUBUCHHS HE caMOro 00'eKTa, a HOro MOJIETI:

a) MPOTHO3YBaHHA; 0) CIOCTEPEKEHHSI; B) MOHITOPUHT; T) MOJEIIOBAHHS.

4. HaitHmxunM piBHEM >KHMBOT MaTepii, SIKUI TOCTIKYE €KOJIOTd, €:

a) momyJysIis; 0) exkocuctema; B) O6iocdepa; T) BUA.

5. XKutrezgatHicTs — 11€:

a) HOpMajibHE ICHYBaHHS 1 PO3BUTOK OpPraHi3My B XapaKT€pHOMY JAJsl HbOTO cepeaoBuIli; O)
3IaTHICTh OpPraHi3aMiB BUTPUMYBATH OOpOTHOY 3a pi3HI YMOBHM XHUTTSA B) 3[aTHICTb OCOOMH J10 HOp-
MaJIbHOTO PO3MHOKEHHSL.

6. CTBOpEHMII IIOJCTBOM JYXOBHMI CBIT, sIKil BIUIMBA€ Ha JitoJeH, popmye ixHii cBITOTIIAA 1
3YMOBITIOE TTOBE/IHKY:

a) reorpagiyHe cepeloBHIIE; 0) TEXHOTEHHE CepeI0BUILE;

B) MIPUPOJIHE CEPEIOBHIILIE; T) COLIOKYIBTYpHE CEPEIOBUIIIE.

7. Exouoriunuii gpakrop — ue:



a) ycl YMOBH KMBOI 1 He)XHMBOI IPUPOIH, Y SKUX ICHYIOTh OpraHi3mu; 0) OKpemi BIacTUBOCTI abo
€JIEMEHTH TPHUPOTHOTO CEPEIOBHINA, SKI BIUIMBAIOTH HAa CTAaH 1 BJIACTHBOCTI OpraHi3My; B) MpH-
CTOCYBaHHS OpPraHi3MiB 10 HABKOJMIIHBOTO CEPEAOBHUINA; I') (aKTOp, KUK Oe3MocepeHhO BIUIMBAE Ha
KUBHUH OPraHi3M.

8. HacinHs mycTensHUX POCIMH BUTPUMYE JJOBIOTPUBAITY BUCOKY TeMIiepatypy. Lle:

a) aKTUBHUM IUISIX IPUCTOCYBaHb; ©) MaCUBHUM LUISIX IPUCTOCYBaHb;

B) YHUKHEHHS HECTIPUSTIMBUX YMOB ICHYBaHHS.

3 BapiaHT

1. bioueHo3 — te:

a) CyKyIHICTb (piTo-, 300- 1 MIKPOIIEHO3Y; 0) CYKYIHICTh MOMYJIALIA OpraHi3MiB, sIKi )KUBYTb pa3oM i
3B's13aH1 MDK C000I0 OOMIHOM PEYOBMH Ta €HEprii; B) MPUCTOCOBAHICTH OPTraHi3MIB Pi3HUX BUAIB IO
CHUIBHOTO KUTTS Ha NEBHIM TepUTOPii.

2. Jle kparie Oy/ie po3BUBATHCS POCIUHHICTD Y TYHAPi?

a) Ha TOPU3OHTAJIBHIN TIJIOIUHI; 0) Ha TUIONIMHI 3 MIBHIYHOIO €KCIO3UIII€I0;  B) HA IUIOIIMHI 3
MIBJICHHOIO €KCIIO3UIIIEI0.

3. CUHEKOJOTYHHH 1 (i310JIOTTYHAN ONITUMYMH 3aBXKIH 30iraroThCs:

a) Tak; 0) Hi.

4. TlomumpeHHs! OJTHUX BUJIB IHITHMH Ha3UBAIOTh 3B'SI3KaAMHU:

a) TpodiuHUMH; O) TOMIYHUMHU; B) QOPUYHKUMHU; T) PaOpPUUHUMHU.

5. HaitO b1 yucieHH]1 BUOU B O10II€HO31:

a) ToMiHaHTHI; ©0) eaudikaToOpu; B) aCEKTATOPH.

6. B siTMHOBOMY JTiCi MOYKHA YiTKO BU3HAYUTH BHJIU-AH(IKATOPH:

a) Tak; 0) Hi.

7.CucteMu PI3HOPIMHUX OPTaHI3MIB, SKI TOB'SI3aHI CBOEK KUTTEIISUTHHICTIO 3 OJHUM SIKUMOCH
BHIOM B OIOLIEHO3I:

a) KOHCOPTH; ©) KOHIIGHTPH; B) KOHCOPITI.

8. Bun, sixuit yTBOpIOE AP0 KOHCOPIIIT:

a) ToMiHaHT; ©) emudikaTop; B) aceKTaTtop; T)ACTECPMIHAHT.

1. B3aeMo3ymoOBIeHHH KOMIUJIEKC »XHUBUX 1 HEKHUBUX KOMIIOHEHTIB, TOB’S3aHUX MDK CO00I0
0OMIHOM PEYOBHH Ta CHEPTii:

a) 6ionieHo3; 0) OIOTOI; B) €KOTOM; T) EKOCHCTEMA.

2. Bxaxite HenpaBUIIbHE TBEPHKCHHS:

a) €KOCHCTEeMa XBOWHOTO Jticy; ©0) 010reoIIeH03 CYXOJ0JIBHOT JIYKH. B)
€KOCHCTeMa TPOIIYHOTO JIiCy; T) 0610T€OIeHO3 Tepapiymy.

3. KoHcymMeHTH Apyroro nopsaky — ue:

a) POCIHMHOITHI TBAPUHU; O)  XMIKAKH.

4, V sKuii i3 3aMpONOHOBAaHUX JIAHIIOTIB TTOTPIOHO BCTABUTHU CIOBO ITUKIIOT?

a) BOJIOPOCTI — ? — Tinpa;

0) BOJIOPOCTI — ? — Kapach — XKYK IJIaBYHEIIb;

B) BOJIOpPOCTI — ? — kaba — BYK;

T) BOJIOPOCTI — ? — Kapach — MIyKa.

5. IlepBuHHA MPOIYKIlis — II€:

a) KUIbKICTh OpraHiuHOI pPEeYOBHMHH, YTBOPEHOi aBTOTpo(aMu 3a OJMHMIIO 4Yacy; 0) KUIbKICTbH
OpraHiuHO1 PEYOBMHHM, YTBOPEHOT KOHCYMEHTAMH 3a OJIMHUIIIO Yacy; B) KUIbKICTh OPraHIiYHOT peYOBHHH,
YTBOPEHOI peyLIEHTAMHU 32 OJIUHUILIIO Yacy.

6. Haii0inb uncienHi BUIU B 01011€HO31:
a) IOMiHaHTHI; 0) eaudikatopu; B) aCEKTATOpPH; T) JETEPMIHAHTH.
7. Pocnunna yactuHa 61011€HO3Y:

a) iroreHo3; 0) 300II€HO3; B) MIKPOIICHO3.

8. 3anaua. IpoaykTuBHicTh MuaHkTOHY — 600 r/M? 3a pik (Maca cyxoi pedoBuHH). SIKa mioma
aKkBaTopii HeoOXigHa AJs ICHYBaHHS OJHOTO OpJiaHa-OLT0-XBOCTa B XapuyOBOMY JIAHIIOTY: TJIAHKTOH —
puba — puboinHi nTaxu —opiaH-o0inoxsict (M=5kr).



OBOB’SI3KOBI TA JIOJATKOBI 3AJIAUI

3agaya 1. BuzHaunuTi Macy KO>KHOT JJaHKH TPO(DIYHOTO JIAHIIOTa BIIMOBIIHO 0 y3arajlbHEHHS
Jlingemana, sxiro Maca aucuii 20 Kr.
Vulpes vulpes (JIucuns 3sudaiina). — 20 xr
Nicrophorus investigator (MOTHIBHHUK JOCTITHHK). — ?
Streptomyces avermitilis (bakrepis canpodit). — ?
Microtus arvalis (IToniBka 3Bu4aiina). — ?
Poa prantense (ToHKOHIT TydHUit). — ?
Po3B’si3anus
1) Po3mimyemMo BUIM B yMOBHY MOCIIOBHICTh B TPO(PIUHOMY JIAHIIIOTY.
Poa prantense — Microtus arvalis — Vulpes vulpes — Nicrophorus investigator — Streptomyces avermitilis.
2) Byayemo MareMaTH4Hy MOJIENIb PO3MILLIEHHS Mac PI3HUX TPO(IYHUX PIBHIB 3T1IHO 13 y3araJbHEHHIM
Jlinnemana.
my, = 10m;,; = 100m,, = 1000m,; = 10000m,.
3) BuszHauaeMo Macy KO>KHO1 JIJAHKH TPO(IUHOTO JIAHITIOTa 32 MACOI0 JIMCHUIII 3BUYAIHO].
m, = 100m,, (maca Poa prantense)

100 . .
My = ——%2 (maca Microtus arvalis)
10
100 . . .
Myz = 10?(;‘2 (maca Nicrophorus investigator)
100 e
m, = —10:;’;2 (maca Streptomyces avermitilis)

4) IlixcraBisieMo 3Ha4YCHHS B (POPMYITY
m,, =100 * 20 = 2000 (xr) (maca Poa prantense)

My = —=22 = 200 (kr) (Maca Microtus arvalis)
Mys = 122;?) = 2 (xr) (maca Nicrophorus investigator)
, = 1100%*0200 = 0,2 (xr) (maca Streptomyces avermitilis)

5) Bignoiab: 2000 xr Poa prantense, 200 kr Microtus arvalis, 2 kxr Nicrophorus investigator, 0,2 xr
Streptomyces avermitilis.

3anaua 2. BctaHOBUTH JMHAMIKY TOKa3HUKIB BITHOCHOT EHTPOTIIT €KOCHUCTEM 3a HaJI3eMHOO (HITOMACOIO
Ta BIKOM BHUIIB K1 B HET BXOISITh:

Pokwu ¢ikcarii nanux
Bun
2004 2005 2006 2008 2010
Maca | BIK | Maca | BiK | Maca | BIK | Maca | BIK | maca | BIK
Equisetum arvense 1 1 1 1 1 1 1 1 1 1
Taraxacum officinalis 2 1 2 1 1 1 2 1 1 1
Elytrigia repens 2 1 2 1 1 1 1 1 1 1
Pyrus communis «» | «» | 1 1 2 2 2 4 3 6

Po3B’si3anun
1. BukopuctoByemo popmyny a1 BUSHaUEHHS BIAHOCHOT €HTPOIIIi 32 HaA3eMHO0 (iTOMAacoto Ta ii

BIKOM:
1

§ =— -
¢ Zmpn*tpn

2. 31iiCHIOEMO PO3PAXYHKH



1

S =
200 T 1% 1+2%142%1+0%0
[ToBTOpIOEMO TSI pE3YNABTATIB KOKHOTO POKY JOCITIKCHD

3. [Ticns 00paxyHKIB OTPUMYEMO PE3YIbTAT (320KPYTIIECHO JI0 COTHX):

2004 2005 2006 2008 2010

0,2 0,17 0,14 0,08 0,05

4. Bynyemo rpadik ais Biyanizalii pe3yabTary:

0,25

0,15

01

0,05 v

0 T T T T T T T 1
2003 2004 2005 2006 2007 2008 2009 2010 2011

BinnoBiab: CriocTepiraeThCsi MOCTIHE 3HWKEHHSI BITHOCHOT EHTPOTIII, 1[0 € 03HAKOIO aBTOT€HHOT
CYKIIECIi.

3anava 3. BuzHaunTH MOKa3HUKK TWHAMIKH 33 TAHUMHU (DITOIEHOTUYHHUX TAOJIHIIb.

Cepenne
3HA4YCHHS
[IpoekTuBHE
Bun IOKa3HUKA
IIOKPUTTHA .
JOUHAMIKH 1)1
BULY
Achillea submillefolium 1 1 3,97
Agrostis tenuis 2 1 8,86
Betula pendula 1 2 14,26
Chamaecytisus ruthenicus 1 8,54
Genista tinctoria 1 1 8,25

Po3B’sizanns
1. BukopuctoByeMo Gopmyiy Uil BUBHAYEHHS CHH()ITOIHIUKAIIHHOTO MOKAa3HNUKA JUHAMIKH €KOCUCTEM.
S'T _STl*kl‘l'STz *k2+“'+STn*kn
=

k1+k2+"'+kn

2. 31iIICHIOEMO PO3PaXyHKH:
__3,97%1+8,86%2+14,26%1+8,54%1+8,25%1

ST,
1+2+1+1+1
[ToBTOpIOEMO TIpOLIEAYPY AJISL APYrOi EKOCUCTEMH:

=8,79




BinnoBinb: CunditoinauKaiiHui TOKa3HUK TUHAMIKH €KOCHCTEeM piBHUM 8,79 6aniB ais nepioi
exocuctemu Ta 9,92 GaniB 11 qpyroi.

3agaya 4. BuznauuTt QiTOLEHOTHYHI CTPYKTYPY aBTOTPOGHOr0 OJIOKY €KOCHCTEM Me30TPO(HUX OOTIT.
Scheuchzerio palustris-Caricetea fuscae: Caricetalia fuscae: Caricion fuscae: Calamagrostietum neglectae
, Caricetum nigrae, Parnassio palustris-Caricetum fuscae ; Scheuchzerietalia palustris : Stygio-Caricion
limosae : Caricetum chordorrhizae, Caricetum diandrae , Caricetum heleonastes , Caricetum lasiocarpae
, Sphagno recurvi-Eriophoretum angustifolii, Sphagno warnstorfii-Caricetum dioicae; Scheuchzerion
palustris: Drepanoclado fluitantis-Caricetum limosae, Rhynchosporo albae-Sphagnetum tenelli, Drosero
intermediae-Rhynchosporetum albae, Polytricho communis-Molinietum caeruleae , Scheuchzerietum
palutris , Sphagnetum fallaci-palustris , Sphagno fallacis-Calletum palustris , Sphagno fallacis-
Phragmitetum australis, Carici canescentis-Agrostietum caninae , Sphagno recurvi-Caricetum rostratae. ,
Carici echinatae-Sphagnetum , Menyantho trifoliatae-Sphagnetum teretis, Carici-Menyanthetum , com.
Comarum palustre.

Po3p’si3anns
. Paxyemo yrpynoBaHH4,8Ki Hanexatb 40 CUHTAaKCOHOMIYHUX OAMHULL PiI3HOrO piBHA.
[Mopsiaxu Corosu Acorriarii
2 4 22

Binnoigb: YrpynoBanHs aBTOTpo(HOTO OJI0KY €KOCHCTEM Me30TpOo(HUX OOJIIT HalleXkKaTh JI0 KiIacy
Scheuchzerio palustris-Caricetea fuscae 2 mopsiikis, 4 coro3iB, 22 acoIliarfii.

3agaya 5. BuzHauuTH, K1 CHHTaKCOHHU aBTOTPO(HUX OJIOKIB HaJeKaTh JI0 papUTETHUX OCEITHIIL
HABEJICHUX B TaOJIHIIL.

C1.3413 | Hottonia palustris beds shallow water 3apocri Hottonia palustris na
MUIKOBOIISIX
Cl4 Permanent dystrophic lakes, ponds and [Mocriitai quctpodHi 03epa, CTaBKH Ta
pools BOJOUMU
Po3B’s13aHHA

BuxopuctoByeMo Katajor ocenuil YKpaiHu JUisl BCTAHOBJICHHS aBTOTPO(HUX OJIOKIB papUTETHUX
OCEJTUII

C1.3413 | Hottonia palustris beds shallow water Hottonietum palustris
Cl4 Permanent dystrophic lakes, ponds and Littorelletea uniflorae . : Littorelletalia
pools uniflorae . : Littorellion uniflorae . :

Eleocharito-Littorelletum uniflorae ,
Ranunculo-Juncetum bulbosi
Isoétetum lacustris ; Sphagno-
Utricularion : Scorpidio-Utricularietum
minoris, Sparganio minimi-
Utricularietum intermediae

Bignosias: /s Ocennuma C1.3413 — Hottonietum palustris; mst C1.4 — Littorelletea uniflorae,
Littorelletalia uniflorae, Littorellion uniflorae, Eleocharito-Littorelletum uniflorae.

3agaua 6. [loOyayBaTu MOAENb JTIHIHHOT 3aI€KHOCT] MIXK MTOKa3HUKAMU 3MIHHOCT1 3BOJIOKEHHS Ta
KHCIIOTHOCTI enadoTory

Ne HD |FH |SL NT RC

OIIUCY
1 12 5 5 5 6
2 13 6 6 6 7
3 16 5 8 4 7
4 14 4 7 6 7
5 15 6 7 7 6




~

6 15 5 8 6

7 14 5 6 6 8

Po3B’si3anns
1. BuOpatu i3 npornoHoBaHo1 6a3u JaHUX JaHi Ipo 3MiHHICTh 3BoJioxkeHHs (FH) ta pexxum
kuciotHocti (RC)
Buectu B mporpamy Excel.
Buninmuta niana3oH JaHUX i BCTABUTH TOYKOBY Jiarpamy
JloaTu JIHIIO TPEHTY.
OO0partu JniHIHHY 3aJIeXKHICTh
OO0patu AeMOHCTpaIlil0 TOKa3HUKA TOCTOBIPHOCTI alpOKCUMAIlii Ta PIBHSAHHS
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BinnoBiab: piBHsSHHS 1110 BimoOpaxae 1110 Mojenb Y=-0,3X+8,4, moKa3HUK JOCTOBIPHOCTI alipoOKCUMAIIil
r?=0,09. CriocTepiraethbcst 00EpHEHO JTiHiHA 3aIEKHICTb.

3agauya 7. [lopiBHATH 3B'A30K MK TOKa3HUKOM JMHAMIKU Ta PIBHEM aHTPOIOT€HHOT TpaHcopMallii s
JIBOX THUIIIB €KOCHUCTEM

Exocucrema 1 Exocucrema 2
ST HE ST HE
5 7 12 4
6 8 11 5
7 7 10 6
8 8 13 4
2 9 12 6
4 9 11 5
5 9 14 4
6 6 13 5
4 8 12 4
5 8 14 5

Po3B’si3anns
1. Bubpatu i3 nponoHoBaHOi 0a3u AaHUX AaHI IS KOKHOT 13 €KOCUCTEM
2. Buecru B porpamy Excel.




Buninmutu niana3oH AaHUX 1 BCTABUTH TOYKOBY Jiarpamy
JloaTu JHIIO TPEHTY.

OO6patu niHIHHY 3aJIeXKHICTh

OOpatu AeMOHCTpaIlil0 TOKa3HUKA TOCTOBIPHOCTI anpoOKCUMAITil
[TopiBHATH MOKa3HUKH JTIOCTOBIPHOCTI alipOKCUMAITi]

No ok w

r%1=0,267; *,=0,2422.
BignoBiab: 3B'130K MK TOKa3HUKOM JWHAMIKH Ta PIBHEM aHTPOIIOTEHHOT TpaHchopMalii B mepoi
€KOCHCTEMH CHIIBHIIINHN, TOMY IO ii TOKa3HHUK JIOCTOBIPHOCTI alipOKCUMAITi] OLTBIITHIA.

3agava 8. BuzHaunT THN HAUOLUTHII €(hEKTUBHOI MOJIENI ISl OMTUCY B3a€EMO/Ii1 MOKA3HUKIB 3MIHHOCTI
3BOJIOJKEHHS Ta KUCJIOTHOCTI enadoTony

Ne HD | FH SL NT RC
OTIUCY

1 12 5 5 5 6

2 13 6 6 6 7

3 16 5 8 4 7

4 14 4 7 6 7

5 15 6 7 7 6

6 15 5 8 6 7

7 14 5 6 6 8

Po3p’s13anHA

1. BuOpatu i3 npornoHoBaHO1 6a3u JaHUX JaHi Ipo 3MiHHICTh 3BosokeHHs (FH) Ta pexxum
kuciotHocTi (RC)

Buectu B mporpamy Excel.

Buainuty nianazoH JaHWX 1 BCTABUTH TOYKOBY Jliarpamy

Jlomatu JiHIIO TPEHY.

[Toueproso cipoOyBaTH yCi AOCTYITHI MOJIEII1 BU3HAUEHHS 3AJIEKHOCTEH MK (pakTopamu
HoplBHﬂm MOKa3HUKH nocmmpHocn anpOKchauu

r JllHlI/IHa_ 0 009 r CKCHOHCHHII/IHa_O 0958 r J'IOFapI/I(le'-IHa_O 0811 r HOHIHOMIHaHLHa_O 125 r21_0873
BinnoBigb: HaiiGunb eeKTUBHOIO € MOTIHOMIHAIBHA MOJAEIH

CDSJ"PS*’!\’

3apaua 9. Jlo sK0i 13 TpOX eKocHucTeM Oyjie 3aiiicHeHo nepexia 3a 10 pokiB BiTHOBIEHHS POCIUHHOCTI,
SIKITIIO MOJIENb 11 TUHAMIKH OTIUCYEThCS (POPMYIIOH0:

5
ST =2t + T
Exocucremn TToxa3zHuKM TUHAMIKH

Calamagrostietum epigii 7
Cheledonio-Aceratum 8
negundi
Galio veri- 9
Avristolochietum cleidis

Hagsectu rpagiuni goxazu
Po3p’sa3anns

[TincraBisieMo yac BiJ MOKa3HUKH Yacy B (OpMyITy i OTpUMAEMO MOKAa3HUK JUHAMIKH 32 €0 (OpMYII0I0
Ha JIECATUH PIK CyKIECii.

ITokazHuk
Yac (t) | auHamiku
(ST)
10 20,50

Binnosinb: Haiionmkui mokasHuku i3 nepeniky ekocuctem Mae Galio veri-Aristolochietum cleidis



3anaya 10. [lopiBHATH eEeKTHUBHICTB JIHIHHOI Ta JTorapuMIuHOT MOAET] I B3a€EMOIii MK (aKTOPOM
KHCJIOTHOCTI Ta 6araTOpivHOTO PeKUMY 3BOJIOKECHHS

Ne HD |SL FH NT RC
OTUCY
1 12 5 5 5 6
2 13 6 6 6 7
3 16 8 5 4 7
4 14 7 4 6 7
5 15 6 6 7 6
6 15 5 5 6 5
7 14 6 5 6 7
Po3B’s13anns

1. BuOpatu i3 npornoHoBaHO1 6a3u AaHUX JaHi po 3MiHHICTh 3BosokeHHs (FH) Ta pexxum
kuciotHocti (RC)

Buectu B mporpamy Excel.

Buainutu niana3oH 1aHUX 1 BCTABUTH TOYKOBY Jlarpamy

Jlomatu niHiI0 TPEHY.

OO6paTy moueproBo JiHIHHY Ta JOTapuUPMIUHY 3aIEKHICTh

HOplBHS[TI/I MOKa3HUKH JOCTOBIPHOCTI alipoKCUMAIlii Isl 000X 3aJIeKHOCTeH

r niniitna=— 0 0046 r norapu(i)Mqua—O 0038

Binnosiab: Jliniiina Moens € OuThbin €PEeKTUBHOIO, TOMY IO il TOKAa3HUK JOCTOBIPHOCTI ampoKCHMaIlii
BHIIIHIA.
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JIOJATKU
diToneHOTHYHI TA0 NI

Taon. A.1. @iToneHOTHYHA XapaKTepHCTHKA coro3y Lemnion minoris (kaac Lemnetea). Homepu
cuHTakcoHiB: Lemnetum minoris (1), Lemnetum gibbae (2), Lemno-Spirodeletum polyrhizae (3),
Spirodeletum polyrhizae (4).

Homep onucy 1 2 3 4 5 6 7 8 9 10 | 11
IIpoekTHBHE MOKPUTTSH 85 | 90 | 95 | 80 | 95 | 90 | 80 | 8O | 80 | 75 | 75
KinbkicTh BUAIB 2 3 4 2 3 2 3 2 1 1
Homep cMHTaKCOHY 4
Lemna minor 5 5
Lemna gibba . . : : . : .
Spirodela polyrrhyza . . : : : 1 : 4 5 5 5
D.s. Cl. Lemnetea
Hydrocharis morsus-ranae 1 1 : : : : . .
Riccia fluitans . 2 1 : : : : 1
D.s. Cl. Potametea
Ceratophyllum demersum . . : : 1
Potamogeton natans : : : 1
Tni Buam
Polygonum amphibium . . : 2
Equisetum fluviatile . . : r
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Tab6a. A.2. ®iToneHoTHYHA XapakTepucTuka corwsiB Hydrocharition ta Utricularion vulgaris (kiac
Lemnetea). Homepu cunrakconiB: Hydrocharitetum morsus-ranae (1), Lemno-Hydrocharitetum
morsus-ranae (2), Lemno-Utricularietum (3).

Homep onucy 11234567819
IIpoekTHBHE MOKPUTTS 9018090 |75|75|80|90|75]|75
KinbkicTh BHAIB 312|112 (3|2|3|2]|1
Homep cuHTaKCOHY 1 2 3
Hydrocharis morsus-ranae 5155 (44| .. |.].
Utricularia vulgaris : : : 4 131313
Lemna minor Sl l211 )11
D.s. Cl. Lemnetea
Spirodela polyrrhyza N S I A |
Lemna gibba ] 1
D.s. Cl. Potametea
Nuphar lutea 2
Potamogeton natans 1] .
Elodea canadensis 11




Tabu. A.3. ®iToneHOTHYHA XapaKTepuCTHKA acolianii kiacy Potametea
Homepu cunTakconiB: Potametum natantis (1), Numpharo lutei-Nymphaetum albae (2),
Ceratophylletum demersi (3), Potametum crispi (4), Potametum crispus (5).

Homep onmcy 1,23 |4]5|6 |7 [8]9]10]11 12|13 |14|15|16 |17

HpoexTusne 75| 75|70 75|70 |80 |70 (85|90 (75|90 70| 75|70 |85|90 |70

NMOKPUTTHA
4 1312212433 ]3[4]3]2]3

KiabkicTh BHOIB 213 |4
2 3 4 5

gl W

HOMep CHHTAKCOHY
Potamogeton natans 5(15]|5 5144 . . . . .| 2

N
ol
ol
ol
i
Y
Y
=

Nuphar lutea 1. 1|1

Nymphaea alba . . . 1] : 1 .]12]5]. |1

Ceratophyllum
demersum

Trapa natans . . . . . . . . . . . . . ) 5 | 5

Potamogeon crispus . . . . . . . . . . . : : : : )

Myriophyllum
verticillati

D.s. Cl. Lemnetea

Lemna minor ) 2 ) ) ) ) ) 1 ) ) . 1 1

Hydrocharis morsus-
ranae

Spirodela polyrrhyza . !

Inmi Buau

Typha angustifolia . . . 1], . . . . .| 2

Carex vesicaria ) 1 ) ) . . . . ) 1

Typha latifolia : : 1. . Nt

Equisetum fluviatile . . |1

Sparganium emersum . . . . . . . . . . . . . 1

Alisma plantago-
aguatica

Ta6a. A.4. ®iToneHoTHYHA XapaKTepucTHKa acomiamii Scorpidio-Utricularietum minoris (1) kiacy
Utricularietea intermedio-minoris.

Homep onucy 1] 2
IIpoeKTHBHE OKPUTTS 90 | 95
KiabkicTs BUaiB 3| 3
Homep cuHTaKCOHY 1
Urticularia intermedia 5| 4
Sphagnum sp. 1] 2
Inmi Buam

Carex visicaria 1.
Comarum palustre . r




Tabu. A.5. ®iToneHOTHYHA XapaKTepucTHKA aconianii kiacy Potametea Homepu cuHTaKCOHIB:
Elodeetum canadensis (1), Hottonietum palustris (2), Batrachietum circinnati (3), Polygonetum
amphibii (4).

Homep onucy 1123|4567 ]8]9]10
IIpoekTHBHE MOKPUTTSH 7517518070 |85|75]|75|90 80|95
KinbkicTh BHAIB 21212121214 212 |2 |3
Homep cuHTaKCOHY 1 2 3 4
Elodea canadensis 5/5|5| ..
Hottonia palustris o5 4] ..
Batrachium aquatile N 5|1 4. |. |.
Polygonum amphibium ey 5| 5] 4
D.s. Cl. Potametea
Nymphaea alba o
Nuphar lutea oo L
D.s. Cl. Lemnetea
Hydrocharismorsus-ranae | 2 | . | 1| . | . | .| . |. |. |.
Lemna minor N 1] . 1]. 1
Tnni Buam . . . . . : . )
Typha latifolia R 1) . 1. 1].
Carex vesicaria oo L+

Tab6. A.6. ®iToneHoTHYHA XapaKTepucTHKa acoumiauii Juncetum bufonii (1) (kaac 1soéto-
Nanojuncetea )

Howmep onucy 112 (3|4|5|6|7|8]9]1011
IIpoekTHBHE MOKPUTTS 6070|7580 |75[80|90|60|75|80]|80
KinbkicTs BHAIB 3133|3586 |2|2]3]|5
Homep cuHTaKCOHY 1

D.s. Ass. Juncetum bufonii

Juncus bufonius 5/5|5|5|5|5|5|5|4|4]4
D.s. Cl. Bidentetea

Polygonum gydropiper 1 (1|1 (1121|1212 (2 |r]|°Tr

Bidens tripartita 111|111 o]

Ranunculus sceleratus N oo

D.s. Cl. Plantagenetea

Plantago major o121 212 1

Poa annua . : L1212 01

Ranunculus repens e

Inmi Buan

Juncus conglomeratus . : : : 11

Deschampsia caespitosa S U I U (R A ) I I B

Alisma plantago-aquatica S P U A I P N I I B
Glyceria fluitans N




Tao6a. A.7. ®iToneHoTHYHA XapaKkTepucTuka acomianiii Typhetum angustifoliae (1), Typhetum
latifoliae (2), Phragmitetum australis (3) mopsiaky Phragmitetalia (kaac Phragmiti-Magnocaricetea)
Homep onucy 1134|567 [8]9]10|11)12]13|14]15
IIpoekTHBHE NOKPUTTSH 75[85]75/60/80|80[75|80|75|/80|80|75|75]80
KinbkicTh BUIIB 3145|2524 |3 |3|[3[4]|9]4]|2
Homep cuHTaKCOHY 1 2 3
Typha angustifolia 5|5|5|5]4]|. : : : : .12
Typha latifolia . . . : .| 51 4] . : : : : : :
Phragmites australis . . . . . . .1 5| 5]5]|5]5]5]|4
D.s. Cl. Phragmiti-
Magnocaricetea
Iris pseudocorus ] o]l
Glyceria fluitans . . . 1] . 1. . . .
Comarum palustris . 11 : : : : : : 11
Equisetum fluviatile . . . : : 1. : . . . 11
Rumex hydrolapathum . . . r
Tni Buam
Carex visicaria . 2. : : : : : : .| 2
Juncus effucus 1. ] . : : : 1. : 1
Caltha palustris . . . : 1. : . 11
Lemna minor 1] : : : :
Spirodela polyrrhisa . . . : : 11
Nimpha alba 1. : : 1. :
Hydrocharis morsus-renae 1] . . : : : : L
Alnus glutinosa . Sl o1 : : : : :
Numphar lutea . . . : : : : : : 11
Salix triandra 1. : :
Galium uliginosum . . . 11
Sphagnum sp. . S : : : : : : :
Carex lasiocarpa . . 1. : : : : : 11
Geum rivale : : : : : : : : : : :
Lycopus europaeus . . . : : : : : : : 11
Marchancia polimorpha
Naumburgia thyrsiflora
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