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AOCNIAXKEHHA BNJINBY POCJINH HA ®YHKLIOHATIbHY E®PEKTUBHICTb KOHC-
TPYKUIU AOLLOBUX CAAOIB: AHAJI3 PEKOMEHOALIN TA HAYKOBUX PE3YJIbTA-
TIB

AHOTALIA. Jowosi cabu € nowupeHor NpakmuKo yrnpaesiHHS 31ueo8uMu 8o0amu, 8KIH0Yarqu
Ix sikicmb, y Mmicbkux patioHax 6azamb0oX KpaiH ceimy. PocruHu gidieparomb 8ax/ugy posib y cucmemax
dowosux cadie, a pekoMmeHoauil 3 ix NMPOEKMy8aHHS, NMOWUPEHI Y 8CbOMY C8imi, MiCmMsiMb PO3WUPEHI 8Ka3i-
8KU ma rnopadu w000 posi aubopy PocuH 0115 MNid8UWEHHST egbeKmusHOCMi ma cmitikocmi cucmemul.

Ha ocHosi docnidxeHHs1 pekomeHOauili wodo rnpoekmyesaHHs doujo8ux cadie b6yio 8U3HAYEHO HO-
mupu OCHOBHI eairnomesu, Wo CcmMoCymbCsl POsii POC/UH. 1) cucmemu 3 POCUHHICMIO € binbuw eghekmus-
HUMU, Hix 6e3 HuX; 2) suOu POC/UH 8IOPI3HAMbCS C80E echekmusHicmio, 3) micuesi 8UOU € echeKmMUuBHI-
wumu, Hix iHmpodykosaHi; 4) kKoHcmpykuii dowjosux cadie 3 pi3HoMaHImHUM 8udo8uM CKNadoMm € eghekmu-
BHIWUMU, HXK 3 MOHOKY/Ibmypamu.

Y docnidxeHHi 6yno po3aissHymo eghekmusHicmb cucmem doujo8ux cadie 3 moyku 30py 2iopaersii-
YHUX i 2i0ponio2idHuUX enacmueocmedi, @ MakoX 3 MOYKU 30py sudasieHHs1 3abpyOHIOHYUX PEeYOo8UH. Y po-
b6omi npoaHarizoeaHo 8i0NMosiOHICMb 8U3Ha4YEHUX 2inome3s pesyfibmamam HayKkogux 00CridXeHb, o Hadae
3Ha4YHe Haykoee ridrpyHms 0nsi po3pobKu 8i0noeidHUX HopMamueHUX OOKYMeHmig, cmaHdapmie ma peKo-
MeHOauil 8 YKpaiHi, ki Ha cb0200HIWHIl OeHb 8idcymHi. Bud pocnuHHocmi 6e3rocepedHbo eriueae Ha
eidpaeriyHy npodykmueHicms i ipouec audarieHHs azomy, MpuYoOMy xapakmepucmuKu KOPIHHS € 8aXIueum
hakmopowm, skull ernnueae Ha yi npouecu. ObrpyHMoeaHo, Wo KopeHesi cucmemMu pOCiIUH Cripusitome io-
mpumuyj 2idpasniyHoi nposiOHOCMi ma 3MeHWEeHH!IO pigHs1 3abpyOHeHHs. Haykosux pe3yrnbmamis, siki 6 rio-
meepduru ainomesy, Wo micyesi pocriuHu abo douwjoei cadu 3 8UCOKOH 8UO0OBOIO PiI3HOMaHIMHICMIO Maromb
8uWy MPOOYKMUBHICMb MOPIBHSIHO 3 cucmemMamu 3 MEHWOH KinbKicmto sudig abo 3 iHmpodyKkogaHuMU 8uU-
damu 3HaldeHo He byro.

Banuwarombcsi Mano docnidxeHuMuU numanHsi wo0o 83aemoOii pociuH i MiKpoboueHosy y cucmemi
dowo8020 cady, posi MaKporop y migpauii 3abpydHYUX pedosuH abo dughbepeHyitiogaHo20 8rusy 8u-
b6opy pocnuH Ha nNPodyKMuUBHICmb cucmemu.

Knroyoei cnoea: dowjosuli cad, 3eneHa iHgbpacmpykmypa, pOCAUHHICMb, 3/1U808i 800U, SIKiCMb
dow080i 800U, hyHKUIOHaITbHI 0O3HaKU, pu3ocgepa, pisHOMaHImHICMb POCIUH

STUDYING THE IMPACT OF PLANTS ON THE FUNCTIONAL EFFICIENCY OF RAIN
GARDENS: ANALYSIS OF RECOMMENDATIONS AND SCIENTIFIC RESULTS

ABSTRACT. Rain gardens are a common practice for managing stormwater, including its quality, in
urban areas of many countries around the world. Plants play an important role in rain garden systems, and
design guidelines distributed around the world provide extensive guidance and advice on the role of plant
selection in improving system efficiency and sustainability.

Based on a study of rain garden design guidelines, four main hypotheses regarding the role of plants
were identified: 1) systems with vegetation are more efficient than those without; 2) plant species differ in
their efficiency; 3) native species are more efficient than introduced species; and 4) rain garden designs with
diverse species composition are more efficient than those with monocultures.
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The study examined the effectiveness of rain garden systems in terms of hydraulic and hydrological
properties, as well as in terms of pollutant removal. The paper analyses the correspondence of the defined
hypotheses to the results of scientific research, which provides a significant scientific basis for the develop-
ment of relevant regulations, standards and recommendations in Ukraine, which are currently absent. The
type of vegetation directly affects the hydraulic performance and the process of nitrogen removal, and the
characteristics of the roots are an important factor affecting these processes. It is proved that plant root
systems contribute to the maintenance of hydraulic conductivity and reduce pollution. No scientific results
have been found to support the hypothesis that native plants or rain gardens with high species diversity have
higher productivity than systems with fewer species or introduced species.

There is little research on the interaction between plants and microbial communities in a rain garden
system, the role of macropores in pollutant migration, or the differential impact of plant selection on system
performance.

Keywords: rain garden, green infrastructure, vegetation, stormwater, rainwater quality, functional
traits, rhizosphere, plant diversity

1. IlocranoBka mpodsaemu. [lIBuaki Temnu ypOaHizaiii mpu3BeId A0 3HAYHOTO 3017Tb-
HICHHS TUTOIII BOJOHETIPOHUKHOTO TMTOKPHUTTS JIAHAMA(TY, 10 CTAHOBUTH BETMKUIN BIZICOTOK MiCh-
KOT MOBepXHi. BoIoHeNpOHMKHI OBEPXHI 0OMEXKYIOTh IPOCOUYBaHHS ONAAIB y IPYHT, 1110 IPU3BO-
JUTH 710 30UIBIICHHS CTOKY SIK 3 TOYKH 30py HOTro IMIBHIKOCTI, Tak i 00'emy [1]. [omioBa Boga y
MICBKOMY CEpEJIOBMILI MEPEBaKHO CHPSIMOBY€ETHCS y KaHaJ3aliiiHy cUcTeMY, 1110 CTBOPIOE cepiio-
3H1 TPOOJIEMH ITiJT YaC IHTEHCUBHUX OIAJ(iB, TAKUX SK MICIEBI IOBEHI, 3aTOIUICHHS PIYOK TOIIO, &
TaKO3K MOTIPIIYE AKICTh Ta JOCTYIHICTh BOAU [2]. MiChbKHIA CTIK € 3HAYHUM JKEPEIOM 3a0pyIHEHHS
BO/JIH, 1110 BUKJIMKAE TOTIPIICHHS SIKOCTI BOJHUX PECYypCiB Ta 3arpo3y it ekocucteMm [3]. YV Toit sxe
Yac 3MiHU KJIIMATy IPHU3BOATH JI0 3MIHU XapaKTepy, YaCTOTH Ta IHTEHCUBHOCTI OTa/IiB, 3arOCTPIO-
104n 10 npodaemy [4]. [ns epeKTUBHOTO yIpaBiIiHHS 3JIMBOBUMU CTOKaMH Y MICBKUX paiOHax
OyJIi 3ampOITOHOBAHI JEsKl €KOJIOTIYHO CTIMKI MiIXOJH JI0 MICHKOTO PO3BUTKY SIK albTCPHATHBA
tpaauiiitaum merogam [5-10]. [lyis onucy TEXHONIOTIH yrpaBiIiHHS 3JIMBOBUMH BOJIaMH, TAKHX SIK
KOHCTPYKIIIi JIOIIOBUX CaJliB, «3€JCHI» Jaxu, IHPUIbTpaIiiHl TpaHIIei, BOJOINPOHUKHI TPOTYapH
TakoX OyB BBEJICHHI TepMiH «3eiieHay» iH(ppacTpykrypa [11]. [IpakTuku «3enenoi» iHdpacTpyk-
TYpH MO’KHA JIETKO 1HTerpyBaTH B OYy[iBii, JJaHAIAQTHUN TU3aiiH, 3aCTOCOBYIOUH JIELEHTPali30-
BaHMU MiJIXi]] VTl PO3CiFOBaHHSI MOTOKIB 1 YIIPABJIiHHSA CTOKOM O1JIsi JuUKepesa Horo BUTOKY [12].

JlommioBi cajii — 11e BUJT «3€JI€HNUX» KOHCTPYKIiH, SKI IMITYIOTh TAPOJIOTiuHY (QYHKIIO TPU-
poaHoro nanamadry, 3ade3neuyodn Ik KOHTPOJIb 33 MOBEHSIMH, TaK i MepeBart JJIs SKOCTI BOJIU
[13]. Okpim 31aTHOCTI 3MEHIITYBATH MIKOBHIA CTiK, IO (POPMYETHCSI HENPOHUKHUMHU TOBEPXHSIMHU,
Ta MOKpaIlyBaTH SKICTh BOJAM, BOHU MalOTh TaKi [l€peBaru: 3aiiMaroTh HEBEJTUKUN IPOCTIpP B MOPIB-
HSIHHI 3 TXHBOIO BOJI0301pHOIO TUTOIIEI0; CTBOPIOIOTH CEPEIOBHINE SIS MIATPUMKH Ta 3aXUCTY 010-
PI3HOMAHITTSI; JIETKO IHTETPYIOTHCS B MICLIEBUN MICBKHUM TM3aliH; HaJJalOTh BUIIMH PIBEHb 3pyYHO-
CTi, HK 3BUYaiiHa OETOHHA JIPeHAXKHA CUCTEMa; CITyTYIOTh IHCTPYMEHTOM JUIsl BiIHOBJIEHHS 3B'SI3KY
€KOCHCTEM 3 MPUPOTHUM KPYrooOiromM BOJu; MarOTh MO3UTUBHUIN BIUTMB HA MICIIEBUN MIKPOKJIIMAT,
CIIPUSIOYN BUIIAPOBYBAHHIO T4 OXOJIO/DKCHHIO HABKOJIUIIHBOTO MOBITPs [14]. OCHOBHUMH KOMIIO-
HEHTaMHU KOHCTPYKIIIH JOIIOBHX CaJIiB € POCIHMHHICTh, BUCA/DKEHA Y IPYHTOBE cepenoBuiie (cyoc-
Tpar), iHinbTpaliiHuii map, rpaBiiiHui map Ta apeHaxxHa cucrema (puc. 1) [15].

Sk 1 B 6u1bmIoCTI cdep NMpakTUK Ta METOIB, axiBili, ki OepyTh ydacTh y iX peanmizalii,
3HAYHOIO MipOIO MOKJIaIal0THCs HAa MICIIEB1, pETiOHAIbHI YU HALlIOHAJIbHI HACTAHOBH 1[I0 MTPOEK-
TyBaHHS, OyJIIBHUIITBA Ta 00CIYTrOBYBaHHS CUCTEM JOLIOBUX Ca/liB. 3a OCTaHHI POKH Y PI3HUX Kpa-
iHax cBiTY OyI10 po3po0IieHo OaraTo MOCiOHMKIB, ESIKi 3 SKMX HaBiTh CTanu cTanaapramu [16]. Taki
peKoMeH1allli MOKYTh 3HAUHO BIUIMHYTH Ha JIM3aiiH Ta e()eKTUBHICTH JOIIOBUX CaJiB Y KEpyBaHHI
3IMBOBMMHU CTOKaMHM IO BCbOMY cBiTy. Lli pekoMeHnaalii MicTATh Pi3HOMaHITHI TilIOTE3H Ta TBEp-
JDKEHHS 1010 e()eKTUBHOCTI CHCTEM, 30KpEMa, BIUTUBY POCIUHHOCTI.

Ha cpboronnimniiii 1eHs B YKpaiHi BiICYTHI peKOMeHAallii Ta HOPMAaTHUBHI TOKYMEHTH L1010
NPOEKTYBaHHSI, BIIPOBA/DKEHHS Ta 00CITYTOBYBaHHS KOHCTPYKIIIH JOMIOBUX CaJliB, IO TIPU3BOINUTH
JI0 TpyOOT0 MOPYIIEHHS TEXHOJOT1H, TEXHIKUA O€3MeKH Ta 3HIKEHHS TePMiHIB eKCIuTyaTailii 00'ek-
TiB. [lepmn KOHCTPYKIIT JOIIOBUX caiB B YKpaiHi 3 ABUIUCH y M. JIbBOBI, CTBOpEHI aKTHUBICTaAMH
rpomajicbkoi opranizaiii «I[lmaro» (puc. 2, a), Ha [Tomomni y M. Kuesi (puc. 2, 6) ta B 2)KK Daiina
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Tayn y M. Kuesi (puc. 2, B). Jlo xiamsg 2024 poky B micti KueBi mitanyeThest BpoBapkeHHs 1ie 10

KOHCTPYKILIN JOMIOBUX Ca/IiB 3 METOIO 3HIKEHHSI HABAHTA)KEHHS HA OCHOBHY CHCTEMY KaHai3amii
[17].

1. Fiuéuna mapy A5 BOAR

2. IpyHTONOKpPHEHI MaTepiaan
3. PociuHHAI HOKPHEB

4. Tpae’sinnil NOKPHB

5. Cacrema nepeInBy

6. I'pynToBa cymim

(Ans BHCAAKH POCIHHHOTO INApY)

7. IndinpTpaniiiami map

8. I'pagiiianii map

9. IpeHa:KHa CHCTEMaA

Puc. 1. OcHOBHI eleMeHTH KOHCTPYKIIii JOIIOBOTO cajy — ITOTIepEeYHN Tiepepi3 (aBTopchka po3poOKa)
Fig. 1. The main elements of the rain garden construction - cross section (author's design)

st po3po0OKK peKOMEHIAIliN 3 IPOEKTYBAHHSI Ta BIPOBADKCHHS JIOMIOBUX CaJliB B YKpaiHi
HEOOXIJTHO MpOaHai3yBaTH Ta AOCIITUTH PEeKOMEHaalii, po3po0ieHi B pi3HUX KpaiHaX CBITY, Ta
iXHIO BIATOBIAHICT, HAYKOBUM BHUCHOBKaM. SIK MOKa3ajau JOCIIDKCHHS Y MOIIOHUX TEXHOJIOTINX,
HANPUKIAJ, Y BOJAHO-OOJOTHUX YTiAJISX, HASBHICTh POCIHMHHOCTI € KIIIOYOBUM €JIEMEHTOM JUTS 3a-
Oe3reueHHs (PYHKIIIOHAJIILHOCTI Ta €CTETUKH JOIIOBUX CaJliB, TOMY MPaBUJILHUN BUOIP BUIIB Ma€e
BupitnanbHe 3HaueHHs [18]. B mpeacraBieniit poOOTi MU 30CepeKyEMOCS JIMIIE Ha POCITUHHOCTI
(irHOpYIOYH, HANIPUKIIAJ, crieludiKallii IPyHTOBOTO CepEAOBHINA YU CXEMH JPEHAXKY ), OCKUIBKH IS
TeMa, He3BAXKAIOUX Ha ii CKJIQAHICTh 1 BAYKJIMBICTh, 3AIMIIAETHCS MAJIO JOCIIHKEHOI0 Y KOHTEKCTI
CHCTEM JI0IoBHX caiB [19].

a 0
Puc. 2. [lpuknany nepmux KOHCTPYKLIN TOMIOBUX caliB B YKpaiHi:
a) M. JIpBiB; 0) IToxin (M. Kuis; B) )KK daitna Tayn (M. Kuis)

Fig. 2. Examples of the first rain gardens in Ukraine:
a) Lviv; b) Podil (Kyiv); c) Faina Town (Kyiv)

2. Mera 11i€1 poOOTH MOJISITa€e B MEPEBIpIll TOTO, HACKUIBKH TIIOTE3H Ta MPUITYILIEHHS 111010
podi Ta BUOOpPY pPOCIMHHOCTI, HaBe/IeH1 B 0araTb0X BU3HAHMX PEKOMEHJAIISAX 100 JOLUIOBUX Ca-
JiB, MIATPUMYIOTHCS HAYKOBOIO JliTepaTypoto. Lle HagacTh 3HauHe HayKOBE MIAIPYHTS VISl pO3pO-
OKM BIAMOBIIHUX HOPMATUBHUX JOKYMEHTIB, CTAaHAAPTIB Ta peKOMEHJaliil B YKpaiHi, a TaKOX,
NpUHAWMHI, JO3BOJUTH 3aPONOHYBAaTH CIIMCOK BiMOBIAHUX BUIIB POCIIHH.

Jlist TOCATHEHHS MOCTAaBICHOI METH MU OyJIeMO OPi€EHTYBAaTUCh Ha JAOCIHIHKEHHS, 10 CTO-
CYIOTBCSl YOTHPBHOX 3arallbHUX TIIOTE3:

1. Cucremu IOIMIOBUX CaJIiB 3 POCIMHAMH € OUTbII €)eKTUBHUMHU, HIJK 0€3 HUX.
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2. Buau pocnuH BiApI3HAIOTHCS 32 CBOEIO €(PEKTUBHICTIO.

3. Micuesi Buau e(eKTUBHIIII, HIXK IHTPOIyKOBaHi.

4, KoHCTpyKIIii JOIIOBUX CaJliB 3 PI3HOMAHITHUM BHUIOBUM CKJIAJ0M e(EKTHBHIII, HIXK 3
MOHOKYJIbTYPaMH.

VY Hamomy JIOCIHIPKEHHI MH PO3TIISAA€EMO €(DEeKTUBHICTh CUCTEM JOMIOBUX CAIiB 3 TOUYKU
30py TiApaBIivyHUX 1 TAPOIOTIYHUX BIACTUBOCTEH, @ TAKOXK 3 TOYKU 30py BUAAJICHHS 3a0pyIHIOK0-
yux pedoBuH. OIIHIOIYM, HACKIJILKHM HAsIBHI pEKOMEH/IaIlli, BKIIFOYCHI B TOCIOHMKHY Ta CTaHIAPTH,
BiJ0OOpakar0Th CTaH OTOYHOTO HAYKOBOTO PO3YMIHHS, MM TaKOX BU3HAYA€MO MPOTATMHY B 3HAH-
HAX 1 TOTpeOu 11 MaOyTHIX JTOCITIIPKEHb.

3. OcHoBHa yacTuHAa. PociHw, SIKi CKIIAAaI0Th BEPXHI MIap KOHCTPYKIIIN TOIIOBUX CaIiB,
BUKOHYIOTh Pi3H1 €KOJIOT1YHI 1 ecTeTH4H1 yHKIIii. BOHM MOXYTh MOKpaIyBaTH SKiCTh CTOKY IS~
XOM BHJIAJICHHS TIO)KMBHUX PEYOBHH, METATIB, 3aBUCIUX TBEPAMX PEUOBUH 1 OPraHiKd, a TAKOXK
BIUTMBATH HAa TiJIPOJIOTIYHI MOKAa3HUKHU, 3aM100ITalour 3aCMIYeHHIO CyOCcTpaTy, MiHIMI3yIOUl 00'eM
3JIMBOBOT BOJIM Yepe3 BUTIAPOBYBAHHS, SMCHIITYIOUH €PO3if0 Ta BILTMBAIOYH HA IUISXH TOTOKY. Kpim
TOT0, POCIIMHU JT03BOJISIIOTH CUCTEMaM JIOIIOBUX CaJliB JOCATATH 1HIIKX MEpeBar, TaKuX SK o3ele-
HEHHS MICT (€CTeTHKa), CTBOPEHHS CepeIOBHILA MPOKUBAHHS TSI KOMaX Ta 1HIIUX BHUIIB 1 TTOKpa-
mienHs skocTi nositpst [20]. BaxiuBicTh pOCIMHHOCTI B IOMIOBHX CajaxX BU3HAHA Y CBITOBHUX pe-
KOMEH/IAIIISIX 3 MPOEKTYBAHHS TAKUX CUCTEM, IPHUUOMY OLIBIIICTh 3 HUX MPONOHYIOTh KOHKPETHI
KpHTepii BiZ0OPY BiAMOBiAHOT pociuHHOCTI [21]. OCHOBHOO BUMOT'OFO 10 POCITMHHOCTI IS CHCTEM
JIOIIOBUX CAJIiB € 1X 3[aTHICTB JIO MPUCTOCYBAHHS Ta PO3BUTKY B CYBOPHX IOTOJHUX YMOBAaX, iX
eCTEeTUYHA MPUBAOJIUBICTh Ta JIOCTYITHICTh JJII BAKOPUCTAHHS B TIEBHOMY PETiOHI.

Ta6mmms 1. SIkicHui aHai3 BILTMBY POCITUH Ha e()EeKTHBHICTH (DYHKIIIOHYBAHHS JOIMIOBUX CaJIiB, BUXOITIH
3 pe3yJIbTaTiB HAyKOBUX JOCIIIKCHb

Table 1. Qualitative analysis of the impact of plants on the efficiency of rain gardens based on the results of
scientific research

. SkicHa  poab
DyHKILiOHA- . .
MosxkauBi MexaHi- . . . pociMH 3 TO-
JbHA poJnb EMnipuyHni AaHi ekcnepumeHTa-
3MH BIUIMBY POC- . 4YKH 30py Hpo-
KOHCTPYKUil JbHHUX JOCJaIIKEeHb .
10IOBOTO ¢AX JIUH AYKTUBHOCTI
y CUCTEMH
INugposoriuna Tpaucmipartis Hesemnukuii po3mip J0II0BOTO cajy, +
e(eKTUBHICTh MaJia IUIOIA JIUCTS BiTHOCHO BOI0301-
pHOi Tiomi. BincyTHicTh pe3ysbTaTiB
JIOCITI/PKEHB 111010 TpaHCIiparii
(TUTBKM eBamoTpaHcIipartii).
Po3BUTOK MakpoIiop KOPEHEBOIO CHC-
[IponukHicTh/MIOpUC- | TeMoro pociuH. HeoOximHI 101aTKOBI ++
TICTb: JTOCITDKEHHS JUIS TTiITBEP/KSHHS Ti-
¢izionoriyHuil po3BH- | MOTE3H TOTO, IO POCIHHHICTD CHPUSIE
TOK POCJIMH Ta Jierpa- | maTpuMmili iH(iIbTparii BOIU Y A0II0-
JaIlisi KOPEHIB yTBO- BUX cagax
PIOIOTH TIOPH, SKI
CIIPUSIOTH iATPHUMII
HEOOX1JIHOTO CTY-
MIEHIO IOPUCTOCTI IPY-
HTY
Hapnzemui vactuan
POCIIUH CIIPUSIOTh ) )
. . BizgcyTHiCTh JaHUX 1I0JI0 BILIUBY POC-
®dinprpartlist 3JIM- | 3MEHIICHHIO IBUIKO- . . s
. . . JIVH 3T1JTHO 3 EeMITiPHYHUMH JIOCITi- 0
BOBOI BOJIU CTI CTOKY 1 CITPHSIFOTh
. JDKEHHSIMUA
OCIJIaHHIO 3BaYKEHHUX
pEYOBUH
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Bunanenus muisgxom
TIOTJIMHAHHS POCITHU- . . .
BincyTHicTh pocinHHOCTI MOXKE (ak-
Hamu. Puzoctepa
. TUYHO CTIPUATH EKCTIOPTY a30Ty, 31ie-
CHpusi€e TporiecaM HiT- . g . .
Bupnanenns azory . . OinpiIoro y opmi HIiTpaTiB, KU BU- +++
pudikarii Ta AeHITpH- . .
S TANAETHCS Yepe3 010THIHY aCHUMIIIs-
¢ikanii, Gopmyroun it
30HU HACUYECHHS TPY-
HTY
Brxanerns doc Bunanenns nuisixom | Jlis 1o0pe cpopMOBaHUX POCITHHHUX
o MOTJIMHAHHS POCITHU- YIPYIOBaHb Y HCHACHYCHOMY IPYHTI +
py HaMU MOJKE CTIOCTEpIraTHCs MO3UTHBHAN
edexr Big puzochepu. [lormuHarHs
METaJIiB POCIMHAMHU HU3bKE (HAMPH-
kiman, 0,5%—14% Big 3araabHOI KiJlb-
Bumanenus mumsxom KOCTI MeTaiiB). 3MiHa BJIaCTUBOCTEH
Bunanenns mera-
s MOTJIMHAHHS POCITHU- IPYHTY POCIMHAMU, TAKHX SIK 3HU- + -
HaMU JKeHHs piBHs pH 1 migBHIIIEHHS PO3-
YUHHOCTI OPTaHIYHHX CIIOTYK, MOXKE
30UTBIITUTH KITBKICTh METAJIIB Y CTid-
HUX BOJIaX
Bunanenus muisixom
TIOTJIMHAHHS POCITH- . .
. . BincyrHicts edekty abo onocepeaxo-
Opranivsi 3a0py- | Hamu. Puzocdepa min- @ .
. : BaHWH BIUIUB MOKE OYTH 3yMOBIICHUH
nHroBayi (Had- TPUMY€E YMOBH, SIKi . . . . ?
. . . M IBUIIICHHSAM MiKPOOHOT aKTUBHOCTI
TOBI BYTJIEBOHI) | CIPUSIOTH OaKTepia- 5 psocdepi
JIEHOMY PO3KJIa/IaHHIO p p
BYTJICBOJIHIB

Mpumirka. Pons pocnun: Biacytas (0), He3HauHa (+), cyTTeBa (++), BUpimaibHa (+++), BiJl HE3HAYHOT 110
HETraTUBHOI (+ —), MOTPiOHI TOJATKOBI MoCIiKeHHs (7).

TI'inome3a 1. 3 Touku 30py (YHKIIOHAIBHOTO MPU3HAUYEHHS JOMIOBUX CaJliB, MUTaHHS MO-
3UTUBHOIO BIJIMBY POCIUH Ha €(PEKTUBHICTh IIPOJIOTTYHUX MPOILIECIB UM BUJAJIEHHS 3a0pyIHIOO-
YHX PEYOBHH HE € TpuBiagbHUM. HaBiTh 6€3 pociinH J0110BI caiu OyayTh BUKOHYBATH CBOI (DyHKIIT
(mpuHalMHI 4aCTKOBO) HUISIXOM MPOXOJKESHHS BOJM Yepe3 IPYHTOBI cepenopuia. Di3uuHi Ta Xi-
Mi4HI MPOLECH, TaKl K (iabTparlis, aJcopOLis Ta 0CaPKEHHS, CIPUATUMYTh BUAAJICHHIO 3a0py -
HIOIOYMX peYOBUH. MIKpOOOIIEHO3 TPYHTOBOTO CEPEIOBUIIA CIIPUATUME TaKUM TIpoIlecaM, K HiT-
pudikaris, okucieHHs, opoiHHs Tomo. [TopucTicts cepenoBuiiia 3ade3nedyBaTume iHQIBTPaLio,
TUMYacoBe 30epiraHHs, a MoTiM eKCIIbTPALII0 Yepe3 IPYHT, L0 J03BOJIUTh 3MEHIIUTH HIBUAKICTh
MIKOBUX 3JTMBOBUX CTOKIB [22].

Jlesiki pekoMeHaanii niJKpeCIoTh POiIb POCIUHHOCTI Y JOCATHEHHI OKPEMUX TiApaBiiu-
HHX, TIIPONOTiYHMX Ta GinbTpyBambHUX Lineil. Hanpukian, pekomennaanii Ascrpanii [23] 3a3na-
YaroTh, 1110 «POCIMHHICTD MOTJIMHAE MTOKUBHI PEYOBUHHU, CIIPUSE PO3BUTKY MIKPOO10JIOTTYHUX CHi-
JBHOT (BaXJIMBE /ISl OYMILECHHS 3IMBOBUX BOJ), MIATPUMYE Ta MOCUIIIOE MTOPUCTICTh IPyHTY». [lo-
CIOHMKHU MOXXYTbh HaJlaBaTU TEOPETUYHE MOSICHEHHS POJI1 POCIMHHOCTI ab0 BKa3yBaTH Ha OCHOBHI
iX O3HaKM (CTPYKTYpYy KOPEHs, HIBUJKICTb POCTY, PO3MIpP POCIHHH, CTIHKICTh 10 YMOB), 5IK1 ITOB's-
3aHi 3 PI3HUMH (PYHKITISIMUA JTOIIOBHUX CaJIiB.

OCHOBHHUM IIJIX0/I0OM JI0 OL[IHIOBAHHSI BIUIMBY POCJIMH Ha Pi3HI (QYHKIIT CUCTEM JIOIIOBHX
Ca/liB € MOPIBHSAHHS CHUCTEM 3 POCIMHHICTIO Ta 0e3 Hei. OJHaK JIy:ke Majo eKCIIepUMEHTATIbHUX
JOCTIIKEeHb OYJI0 MIPOBEICHO 3 KOHCTPYKIIISIMU JIOIIOBUX cajliB 6€3 pOCIMHHOCTI. Pe3ynbTaTh siki-
CHOT'O aHaJli3y BIUIUBY POCIIMH Ha e()EeKTUBHICTh (YHKI[IOHYBaHHS JOILIOBHX CaJiB Ha OCHOBI Hay-
KOBUX JIOCIIIKEHb HaBeAeH] B Ta0mumi 1.

JocikeHHS BIUIMBY POCIMHHOCTI Ha 2i0pOo02iuHy edheKmusHicmsy Ta BOJHUHN OaaHc J0-
IIOBUX CaJliB BIIHOCHO OOMEXEHI, 1110 MOSCHIOETHCS CKIIATHICTIO BUMIPIOBaHHS eBaroTpaHCHipaliii
B CHCTEMaX, sIKi BUMAralTh CICIiali30BaHUX KaMep Yy TOJIbOBHX yMOBax [24] abo mi3uMeTpiB y
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nabopatopHux ymoBax [25]. KpiMm Toro, HeBeIMKHiA pO3Mip CHCTEM JIOIIOBHX CaJliB, B MOPIBHAHHI
3 IJIOUICI0 BOJI03a00pY, MPU3BOAUTH J0 TOTO, IO IJIOMIA JHUCTS AyXKE Majia Mo BiJIHOLICHHIO JI0
06’eMy cTOKY [26]. Poc/iviHM BILTHBAIOTh Ha TUHAMIKY CHCTEMH «TPYHT-BOa» PI3HUMH CITOCOOaMHU.
Hocmnimkenns apropis [27] Ta [28] mokazanu 30iibLIeHHS piBHS 1HUIBTpaLii B CEPEIOBHIII AOIIO0-
BOT'O CaJly 3a paXyHOK IMOKpPAIEHOI MPOHUKHOCTI Ta MOPUCTOCTI IPYHTY BHACIIJIOK ajanTaiii poc-
JUHHOCTI. J[01110Ba BO/Ia MOKE TUMUYACOBO 3aTPUMYBATHCS B POCIIMHHUX TKaHUHAX [29], ajie ocHO-
BHHUI BHECOK B yTpHUMaHHs BinOyBaeThes uepes BunapoyBanus (ET) [30]. Jekinbka mociimKeHb
HiATBEP/KYIOTH BIUIMB POCIMHHOCTI Ha mpouec iH(iIbTpaii 37 1MBOBOT BOJU 3 4aCOM y CHCTEMax
normroBux caniB. Hanpuknan, nocniaauku [31] BUsBUIIM, 110 B TOMIOBUX Caj1aX 3 POCIUHHICTIO [TPO-
nec iHginbTpanii Bii0yBaeThCcs IHTEHCUBHIIIE, HIK B cUCTeMax 0e3 pocIMHHOCTI. B pamMkax poboTu
[32] 6yn0 mpoBeaeHO momiOHE TOCTIIKEHHS 3 POCIMHHIUMU KOJIOHAMHU B J1a00OpaTOPHUX yMOBaX.
3aranom, eMIipuyHi JaHi MiATBEPHKYIOTh TIOTe3y Mpo T, 0 POCIHHHICTH 3011bIIy€e 200 MmiaT-
puMye IHPIBTPAIII0 B KOHCTPYKITISAX JTOIMIOBUX CaJIiB, X04a 11€ 00J1aCTh, sika MOTpeOy€e MOAaIbIINX
JOCTIKEeHb, 0COOJIMBO, 10 CTOCYIOTHCS BUIB POCIIHH.

Pocnunu noxpawyroms sikicms 311608020 cmoky 3a IONMOMOTOI0 TaKUX MEXaHI3MiB, 5K ¢i-
Tojerpaaanis, ¢itoekcrpakiiist Ta pusochepni Blaemomii [16]. diTtoaerpanariis, TakKoX BigoMa sk
ditoTpanchopmalis, Cpusie PO3MICIUICHHIO CKJIATHUX OpraHIYHUX XIMIYHUX PEYOBUH, HAITPUKJIIA],
HOJIIHUKIIYHAX apoMaTHIHUX ByrieBoaHiB (ITAB), 3a mormomMoro MeTaboIiuHuX IPOIIECiB y poc-
JIMHAX, 1110 MPU3BOJUTH 10 BUpoOHUIITBA cienndiunux GpepmenTiB. Lleit mpouec 3MeHITye TOKCHY-
HICTB 3a0py/IHEHb 1 TIEPETBOPIOE iX HA MPOCTIII CHOIYKH, SKI MATPUMYIOTH picT pociuH [33]. Di-
TOEKCTPAKIIis TOJISATae B MPSAMOMY MOTJIMHAHHI 3a0pyAHIOBAYiB 3 ITPYHTY Ta iX TPAHCHIOPTYBaHHI B
TKaHuHax pociuH. DiToBUIapoByBaHHS nepeadavae akKTUBHE HAIXOKEHHS 3a0pyIHIOBaYiB, Ha-
NPUKIIAJ], JCTKUX OPraHiYHUX CIIOIYK, TOKCHYHUX HEOPraHIYHUX €JIEMEHTIB, TaKUX sK cejieH (Se)
ta pTyTh (HQ), Ta BUAIEHHS MPOAYKTIB iX pO3Majy B MOBITPS Yepe3 JIUCTSL.

Kinbka mocimipKeHb MiATBEPANUIII, III0 CUCTEMH JOIIOBUX Ca/iB € CPEKTUBHUMHU JJIS 8UOA-
JlenHs1 Memadie 3 3a0pyaHeHOT 10110Boi Boau [34,35]. OaHak BayKJIMBO 3ayBaXKHUTH, 1110 BUIAICHHS
MeTajIiB KOHCTPYKIIISIMHU JIOIIOBUX CaJliB BiIOYBAETHCS MEPEBAXKHO 3a PAXyHOK COPOILIMHOTO MoTe-
HIlay IPYHTOBOrO cyOcTpaTy. TakuM 4MHOM, POCIMHM BIJITPalOTh IPYTOPSAHY pOJib, a iXHIN
BIUTHB Ha BUJIAJICHHS METaIIiB BiI0OyBa€eThCs uepe3 MexaHi3Mu ¢itopemeniarii [36], ancopOuii/ernto-
IOBaHHS Ta YTBOPCHHS KOMIUIEKCIB 3 OpraHidyHUMH ckianoBumu [37]. Jlesiki BUAM POCIHH JEMOH-
CTPYIOTh TiNepakyMyISATHBHI BIACTUBOCTI, 110 BKa3y€ Ha BUCOKHI MOTEHIiaN 0 copOllii Ta HaKo-
MAYEHHS Creu(IYHUX METAJIIB Y CBOIX MaroHax i ucti. JlochiKeHHs BIUTMBY POCIIUH Ha PEKYJIb-
THUBAIIII0 METAJIiB BKJIFOYAE MMOPIBHAHHS €()eKTUBHOCTI KOHCTPYKIIIH TOIIOBUX CaJliB 3 POCIIMHHICTIO
Ta 0e3 Hel, IpoTe pe3yNbTaTh BiAPi3HAIOTHCA. Hanpukinan, A OYnIIeHHs 3TMBOBOT BOIM BiJl TAKHX
meranis, sk Fe, Cu, Cd, Ca, Al, Pb, Cr, K, Na, Ni, Zn i Mg aBropu [38] nopiBHsiH ¢peKTHBHICTh
pocauuHOi (Dracaena marginata) KOHCTPYKIIiT JOIIOBOTO Cajy 3 CUCTEMOIO 0e3 POCIHHHOCTI. Pe-
3yJIbTaTH €KCIIEPUMEHTY MIATBEPAIIN, III0 POCTUHHICTD CIIPHSIA MMIABUIICHHIO 3araibHOI ePeKTH-
BHOCTI BHJIQJIEHHS METaJIiB KOHCTPYKIII€I0, OCKIIBKH CTYIIHb peKyIbTHBalii OyB noHan 99,8% s
BCIX JTOCJIDKEHUX MeTamiB micis. s omiHKu e(peKTUBHOCTI PI3HUX YCTAaHOBOK IIIOJO0 BUJIAJICHHS
KOHKPETHHX 3a0pyAHIOBaYiB MOTPIOHI JIeTalbHI eKCIIEpUMEHTANbHI JOCTIKEHHS, SIKI BKIIIOUAIOTh
KOHTPOJIbOBAaH1 JJAOOPaTOpHI Ta MOJbOBI EKCIIEPUMEHTH. 3arajioM, BUKOPUCTAaHHS y CUCTEMax J10-
IIOBUX CaJliB POCIMH 3 BUCOKOIO TiMepaKyMyJIALiHHOIO MOXJIHMBICTIO CIIPUATUME BHCOKOMY CTY-
MEHIO BUJAJIEHHS HE JIMIIEe METaliB, a i 1HIINX 3a0pyAHIOI0YMX PEUOBHUH.

BinpuiicTe BUIB pOCTUH BUAAISAIOTH MMOKUBHI PEUOBMHH 31 3JIMBOBOI BOJIU €(EKTUBHIIIIE,
HDK MeTanu. JlekiibpKa JOCTiIKEHb TATBEPAIIN, III0 CHCTEMHU JOIIOBHUX CaJiB TIEMOHCTPYIOTh BU-
COKy edekTHBHICTh y BunaneHHi a30ty (N), 0coOIMBO TO1, KOJIM POCIMHU CIPHUSIOTH IIbOMY ITPO-
necy [39,40]. MexaHi3Mu BUIaICHHSI TOKUBHAX PEYOBUH POCIMHAMYU B CHCTEMaX JTOLIOBUX CaJIiB
BKJIIOYAIOTh MIPsIME TIOTJIMHAHHA a00 a/1copO11ito, a TAKOXK HEMpsMe MOTJIMHAHHSA, 1110 Bi10YBa€ThC
yepes 3MiHY (13UKO-XIMIYHMX BJIACTUBOCTEH I'PYHTY Ta aKTUBHOCTI IPYHTOBHX MIKpOOPTaHi3MiB,
HaINpHKIaJ, NUISIXOM OKcureHanii pusocgepu [41]. Pocnian y cucremax TOIIOBUX CajliB aCHMIIIO-
10Th a30T (nepeBaxuo y popmi NOz™ i NHs") 3 31uBOBUX CTOKIB, OCKIIBKH a30T € HEOOXiAHUM ISt
iXHBOTO BereTaTuBHOTO pocty [20].
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[Tiz yac KOHTPOJILOBAHUX E€KCIIEPUMEHTIB 3 20 pI3HUMHU BUAAMH POCIHH, IO BUKOPUCTOBY-
I0Th B aBCTPAJTIMChKUX CHCTEMaX JOIIOBHX CaJliB, aBTOpH [42] BUSIBWIM 3HAYHI BiIMiHHOCTI B KOH-
HEHTpaLiAX a30THUX CIIOJIYK Y OYHUIIIEHUX 3IMBOBUX BoJax. Hampukiaza, KOHIIEHTpallisl HITpaTiB Ta
HITpUTIB BiapizHsutacsa B 170 pasiB, a KOHIEHTpawis aMoHil0 — B 570 pa3iB. Y HaCTYIHHUX JOCITi-
JokeHHsX [43] aBTOpH TaKOX MOKa3aliu, 110 KOHIIEHTPAIlii aMOHIO Ta HITpaTiB y HalliBCHHTETUYHHUX
3]IMBOBUX BOJaX, 310paHuX i3 JOMIOBOTO caxy, Oyiau oOepHEHO MPOMOPIIiiHHI 3araapHill Maci poc-
JIMH, JIOBKMHI KOPEHIB POCIIMH, BIIHOCHIM MIBUIKOCTI POCTY Ta TJIMOWHI YKOPIHEHHS.

BpaxoByrouwu, 1o ¢ocghop (P) € KUTTEBO BAXKIUBUM €IEMEHTOM JIJISl POCTY POCIIMH, MOXKHA
MPUITYCTUTH, 0 POCIMHH BIAIrpatOTh 3HAYHY POJIb Y 3aralbHOMY 3HM)KEHHI HOTO KOHIICHTpAIlil B
3nuBoBUX Bojax. JIro i [leBic [44], Ga3yrourch Ha arpOHOMIYHUX JAOCIIKEHHSX, IIPUITYCTHIIH, 110
MEXaHI3MH YTpUMaHHs P BKIII0Ual0Th KOMOIHAIiF0 000POTHOT MIBUIKOI acopOItii Ha MOBEPXHI Ya-
CTHHOK IPYHTY Ta MOBUJIBHUX IPOIIECIB, 3aJIC)KHUX Bij yacy. Jlykac i I'pinBeit [31] mopiBHsumM Ki-
JbKa KOHCTPYKIIIK JOIIOBUX CaaiB 0€3 POCIMHHOCTI Ta 3 POCIMHHICTIO 3 TOYKH 30PY iX €(hEeKTHB-
HocTti st BuganeHas N ta P i3 3muBoBoi Boau. PesynbraT mokasanu, mio CTymninb BuaaieHus P i
N pocnuaHuME cucteMaMu ctaHOBHB 90 1 80%, mopiBHsHO 3 nutie 75 1 43% HEpOCIMHHUMU CHUC-
TeMaMU, BiIOBIIHO.

PociuHHICTE TaKOXK BiAirpae BaXKJIMBY POJIb Y PEKYJIbTHBAIlIT HA()TOBUX BYTJIECBOAHIB Yepes3
KOHCTPYKIIIi TOIOBUX CajiB. X04a IPYHTOBI CEpPeIOBHILA JOIIOBUX Ca/IiB MEPEBAKHO BHIAIAIOTH
BYTJICBO/IHI 3 JIOIIOBOI BOIM IIJISIXOM a1copOIii Ta (hiibTpaltii, pOCIUHHICTh OE3ITOCEePETHBO BILIH-
Ba€ Ha JIOJIIO0 BYTJICBOJHIB, 30KpeMa Hu3bkoMoieKysipaux [TAB [20]. OuunrenHst 3711BOBOT BOIU
BiJl BYTJICBOJIHIB U€pe3 POCIMHHU nepeadadae ix mpsiMe MOrJIMHAHHS Ta HENpSAMY AiSUIbHICTD, 3alTy-
qarouu puzocdepHi MiKpoOHi criIbHOTH. Puzocdepa mae yHikanbHi 610THYHI Ta a0i0THYHI Xapak-
TEPUCTHKH, IKi BIUTMBAIOTH HA JIOJIF0 OPraHiYHUX 3a0pyAHIOBaviB y IpyHTi [45]. 3araisom, ocHOBHI
MeXaHi3MHU BHAJICHHS OPTaHIYHUX 3a0pyIHIOBAYiB B CHCTEMAaX JOLIOBUX Ca/liB 0a3yIOThCS Ha MPO-
1ecax i3 3aIy4eHHsIM MIKpOOHUX CIIBbHOT (HiTpHdiKatis/aeHiTprudikalis, 1erpaaaiis OpraHigHux
3a0py/IHIOBAYiB TOIIO), @ HE HA MPSMOMY IOTJIMHAHHI pociuHamu [41].

Hespaxkaroun Ha 0OMeKeHy KUIBKICTh JIOCIIKEeHb, TPUCBIYEHUX BHUJIAJICHHIO BYTJIEBOHIB
CUCTEMaMH JIOLIOBUX CaJiB, OUTBLIICTD 13 HUX JOXOJSATh BUCHOBKY, 1110 CaM€ BUJ] POCIIMHHOCTI BH-

3HAYaE JIOJII0 BYTJIEBO/IHIB y cucTeMi. [IpiTyapn Ta iHmni [46] BUSBHIM, 1110 KOHCTPYKIis TOIOBOTO
cajly 3 POCIUHHICTIO cripusie BuAaieHHio 97,1% OeH3oTpuazony 3 A0II0BOI BOJAU. ABTOPH CIIOCTE-
pirainu BHCOKI KOHIIEHTpaLli INIIKO3WIbOBAHOIO OEH30TpHa30iy Ta O€H30TpHa30dy B TKAHUHI Ta
mucti Bugy Carex praegracilis. Xoua copOiist cyOcTpaTy BUSBUIACS OCHOBHUM MEXaHI3MOM BH/Ia-
JeHHs OeH30TpHa30iy, HasBHICTh POCIMH Mae€ Kilbka mepeBar. KpiM migBHILEHHS TiJpaBiaidHOl
nposigHocTi B cuctemi, C. Praegracilis 3HauHO 3HU3MB KOHIIEHTPAIliI0 OEH30TPHA30JIy B CEpejio-
BUIIII IPOTSTOM JOCIIPKYBaHUX MEPioAiB, 3a0e3neuyouu rnpolec iropemenianii HaBiTh Micis 10-
HIOBUX MOiH. TakuM 4MHOM, yepe3 IecopOIliio Ta Jerpaaailio 0eH30TprUasoly, aIcopOIiiHuii mo-
TEHII1aJl cepeIoBUIla OYyJI0 BIIHOBIIEHO, 1[0 MPUBOIUTH A0 30UTBIIEHHS TEPMIHY CITyKOU CHCTEM
JIOIIOBUX cajiB. B pe3ynprari 1a00opaTopHUX EKCIIEPUMEHTIB aBTopaMu [47] Oyio BCTaHOBIICHO
CTyMiHb BUaNeHHs HadTaniny 78% y KoJloHax 6€3 POCIUHHOCTI, sika 3pocia 10 93% y koioHax 3
pociuHamu. Xoua copOris HadTaniHy IPyHTOBUM CEpEOBUIIEM Oya OCHOBHUM MPOLIECOM BUA-
neHHs (56-73%), aBTopu BKazaiM, 10 MOTTUHAHHS pocirHaMu (2-23%) Ta miHepamnizauis (12—
18%) 11e Ginble miABUIIMINA €(EKTUBHICTD IIUX MPOIIECIB B KOJIOHAX 3 POCIMHHICTIO.

O1xe, icHye 6araTo NMEepeKOHIMBUX JTOKa31B TOTO, IO POCIMHHICTE CIPaB/Ii BiAIrpae Bax-
JMBY POJIb Y MIATPUMII (PYHKIIOHATIBHOI €PEKTUBHOCTI CUCTEM JIOIIOBHX cajiB. Pociuuu edexTu-
BHO BHUJIAJISIIOTH a30T, Gocdop 31 31MBOBOT BO/IM, a TAKOXK IMIIBUIYIOTH PIBEHb 1HQIIBTpAIIil B CHC-
temi. [1lo710 BUuganeHHs MeTatiB, pOCIMHM MIEBHUX BUJIIB MOXKYTh CIIPHATH LIbOMY MPOLECY HIITXOM
MOTJIMHAHHS, IPOTE HE BIAIrpatoTh iICTOTHOL podi. i aeskux GyHKIINA JOIMIOBUX CajliB MO3UTHBHA
pOJIb POCIMH IIe noTpedye yrouHeHb. Hampukias, moTeHwian yTBOPEHHsT MaKpomnop, CTBOPEHUX
pociarHaMu, He OyB HaJe)KHUM YHHOM BHBYCHUH y KOHTEKCTI JIOIIOBHUX CadiB. BrumB pocnuH Ha
BUJIAJICHHS OpPTraHIYHUX 3a0pyTHIOBAUiB Yy JIOIIOBUX CaJax BCE I 3aJTUILAETHCS MPEAMETOM JIUC-
Kyciii. BayxnuBo 3ayBaXKuTH, 1110 OUIBLIICTH JAOCTIIKEHb, MPUCBIYEHUX BIUIMBY POCIMHHOCTI Ha
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(YHKIIIOHAJIBHICT JIOIIOBHUX CaJliB, MPOBE/IEHI B JIAOOPATOPHOMY MaciiTadi, ToMy HEOOX1aH1 TTOB-
HOMAcCIITaOHI EKCIEPUMEHTH B TIOJIbOBUX YMOBAX.

T'inomesa 2. Pociunu BiIPI3HSIOTHCS 32 KOPEHEBOIO CTPYKTYPOIO, BOJAHUM PEKHUMOM, TO-
JICPAHTHICTIO 70 3a0pyAHCHHS Ta 3[JaTHICTIO JI0 OYHIIEHHS, 1110 3JICKUTH B iX BUAY a00 QyHKITI-
OHaNBbHOI Tpymnu. TpaB'sHUCTI POCIMHU, HAIPUKIIAL, €(PEKTUBHO (PUIBTPYIOTH TBEPAl YACTUHKHU Yy
CTOKaX, yTPUMYIOUH 1X CBOIM ryctuM jucTsam [48]. [lepeBa MOKYTh BiITICHSTH BEJIHKY KiJIbKICTh
BOJIM 32 JIONOMOTI'OIO TpaHCIIpalii Ta MOJIMNIIyBaTH 3aTHICTh IPYHTY YTPUMYBATH BOJIOTY, 0CO0-
JIMBO y MO€/IHAHHI 3 TPAB'SHUCTUMH BUIaMH POCIHHHOCTI [49]. TpaB'sHUCTI pOCIMHE MAIOTh Pi3HY
KOPEHEBY CHCTEMY, sIKa CIIPHUsi€ MaKCUMaJIbHINM 1HOUIBTpAIlii Ta MoTinmeHHo GuIsTparii 3adpy-
HIorounx pedoBuH y rpyHTi [50]. KopeHeBa cuctema pocivH BILIMBA€E HA IPYHTOBE CEPEIOBHIIIE,
3a0e3nevyroun Horo cTabimizaiito, GopMyBaHHS arperaTiB Ta YTBOPEHHS MaKpOIIOp, SIKi CIIPUSIOTh
iH}inbTpamii [51].

binbmiicTh MOCIOHKKIB Ta pEKOMEHIAIIN HE OB’ I3YIOTh BHOIp POCIIMH JJII CUCTEM JOIIO-
BUX Ca/IiB 13 KOHKPETHUMH O3HAKaMH, aJie JIesKi TOCIOHWKH HAIMOJISTaloTh Ha iboMy. Hanpukias,
Hal{HOBIIA Bepcisa «PekoMeHaallii mo 0 TeXHIYHOTO IPOEKTYBAHHS JOIIOBUX CajliB» B ABCTpaii
[52] Bka3zye Ha KOHKpETHI XapaKTEPUCTUKU POCIMHHOCTI (CTPYKTYpa KOpPEHS, MIBUAKICTb POCTY,
PO3Mip POCIIMHHM, CTIHKICTh O YMOB), SIKi TIOB’513aHi 13 3arajJbHO0 €EKTUBHICTIO 200 OLIBII CIie-
UG iYHIME QYHKIIISIMH TOIOBHX caliB. Hampukiian, 3a3Ha4a€eThbes, 0 pOCTMHH 3 MUYKYBATOO Ta
ITHOOKOI0 KOPEHEBOKO CUCTEMOIO € OLTbIT €)EKTUBHUMU Ta 3a0€3MeUyI0Th BUAAICHHS 3a0pyIHIO-
IOYUX PEYOBUH Ha Pi3HiN rmubuHi. [Hun «PekoMenarii moao BUOOpy pOCIMHHOCTI JIJIS JIOIIIOBUX
caxiB» [53] Bka3yrOTh Ha BHUKOPHUCTAHHS TAaKUX BHUJIIB, IK OCOKA Ta pOro3a, OCKIIbKH BOHU CIIPHSI-
I0Th MOTJIMHAHHIO MMOXUBHUX pedoBHH. KpiM TOrO, X Haa3eMHI YaCTUHH MOXYTh IiBUIIUTH BH-
JTAJICHHS TBEPAUX YACTUHOK IPH IIUIbHIA BUCAIII.

B HayKkoBHX OCIIPKCHHSX BILTUB BUJIB POCIHH Ha T1APOJIOTIYHY MPOHUKHICTH 3TMBOBUX
MOTOKIB y CHUCTEMax JOIIOBHUX CaJiB JOCHIKEHO TOCUTH JAeTaibHO. KopeHeBi cucTteMu poCivH
CIIPUSIFOTH i ATPUMIL TIAPABIIYHOT POBITHOCTI Ta 3MEHIICHHIO piBHS 3a0pyaHenHs [54]. [lns wiei
GyHKIIIT HAaROIBII MAXOASITh BUIM POCIIMH 3 BEJIIMKOKO IIUTHHICTIO KOPEHEBOI MacH Ta JiaMeTPOM
KOPEHiB, 30KpeMa JiepeBHi mopou [55]. Pi3Hi BUAM POCTHH TaKOXK PI3HATHCS 3@ CBOIM BILUTHBOM Ha
npoliec BUIAICHHS MOKMBHUX pedoBrH. Hanpukan, gocmignuku [42] BCTaHOBWIIH, 1110 KOHIIEHT-
paris a30Ty y 3JIMBOBUX BOJaX MOX€E 3MIHIOBATHCS /10 TPbOX pa3siB, 110 KOPEIIOE 3 BETUKUMU BiJl-
MIHHOCTSIMH MiX BHIaMU POCIHH. Y MOJANBIINX HOCTiKeHHX [43] Oyiio mokaszaHo, 1o Mopho-
JIOT14YH1 O3HAKHM POCIIUH, TaKl SK JOBXHHA 1 IMOMHA KOPEHIB, Maca KOPEHIB 1 MIBUJIKICTb POCTY,
MalOTh 3HAYHUII BIUIMB Ha e()eKTHBHICTh BUAaneHHs a3oty. [Ipote y podori [32], ne Oyno gocii-
JUKEHO 22 pi3HUX BUAM POCIIMH, KJIaCU(IKOBAHUX 3a TUIOM (Ta30HHI TpaBU, TpaBH, OCOKa, yarap-
HUKH), BHUSBIEHO, IO BIJIMIHHOCTI MK HMMH BIJHOCHO HEBENHKI. YacTKOBO 1€ MOXe OyTH
OB 513aHO 3 MIHJIMBICTIO B KOXHiH rpymi abo 3 BHOOPOM I'PYHTOBOT'O CEpPEIOBUIIA 3 HU3BKUM BMi-
CTOM a30Ty. Y MOpIBHIHHI €(EKTUBHOCTI JOUIOBUX CaIiB 3 POCIMHHICTIO Ta 6e3 Hei, Kim Ta 1Hmm
[56] BusiBHIIH CYTTEBY PI3HHIIIO Y BUAAICHHI KHIIKOBOI MAIWYKU B 3aJIC)KHOCTI BiJl BUIY POCIHH.

€ 11HO0 01Ty 0TIKOBAaHOIO 1H(GOPMAIIIEIO PO PIZHUIIIO MK POCIIMHAMHU 010 JIeTpajallii Ha-
(GTONMPOIYKTIB CUCTEMaMU JOIIOBUX CAJIiB € MOJIbOBE TOCTIHKEHHS 58 TOMOBUX CaiB 1 4 TipchbKUX
JIISTHOK SIK KOHTPOJIb. Y 11bOMY jgociipkenHi LeFevre [47] noka3anu, 1o Kormii MikpoOHUX (QyHK-
[IOHAJILHUX TEeHIB, M0 KOAYIOTh PepMEHTH, SIKi BUKOPUCTOBYIOTHCS ISl pO3KIIagaHHs Ha(pTOBUX
BYTJICBOJIHIB, OyJTM OLITBII MOIIMPEH] B JOMIOBUX CajlaX, 3aCaHKEHUX POCIWHAMH 3 TIMOOKUM KO-
PIHHSM, HIJK y THX, III0 MICTAThH JEPHOBY TpaBy a00 Mylb4y. Ba)xnBo 3a3HaUMTH, 110 MPOTyKTUB-
HICTb OJTHOTO BHU]Ty POCJIMH MO€E BapirOBATHUCS BiJ MO3UTUBHOI 1O HETATUBHOI, 3aJIEXKHO B1JT JJOCITI-
mkyBaHoi ¢yHkuii. Hampuknan, six Oyno mokasano B qociimkenHi [57], Bux Carex apressa edek-
TUBHO BHJIAJISIE 31 3IMBOBOI BOJIM a30T, MPOTE MaiKe HE BHIAISE KUIIKOBY MAINYKY, TOPIBHSIHO 3
iHImmMuU Bugamu. O1iHKa BIUIMBY MOP(OJIOTIYHHX O3HAK Ta BUJIIB POCIUH Ha (QyHKI[IOHANBHY ede-
KTUBHICTH JOIIOBHUX CajiB HaBeJAcHa B TaOIHIl 2.

Tabnurs 2. OniHKa BIJIMBY MOPQOJIOTIYHUX O3HAK Ta BHJIB POCIUH Ha (QYHKIIOHANBHY e()eKTUBHICTD J0-
IIOBHX CaJIiB HA OCHOBI HAYKOBHX JIOCJII/PKEHb
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Table 2. Evaluation of the influence of morphological characteristics and plant species on the functional
efficiency of rain gardens based on scientific research
dyHKI1iOHA-
JIbHA PoJIb
KOHCTPYKIII
JA0LIOBOTO CAay

MopdoJioriuHi 03HAKH POCTUH MosicHenHst

Buiiie 3Ha4eHHs TiApaBIiqHOT IPOBITHO-
CTi CIIOCTEPIraeThCs y JAOIMIOBUX Callax,
3aca/PKEHUMH JiepeBaMHt, Ha BIIMIHY BiJ

ToBcTe KOpiHHS KYIIIB, OCOKH Ta TPaB'sTHUX BUJIIB.
ToBcTe KOpiHHS CIIpUsi€ YTBOPEHHIO 3HA-
YHUX MAKPOIIOP, IO MiABUIIYIOTh 1H(DI-
JTBTPAILIII0 B CHCTEMI JOIIOBHX Ca/liB.
BiamiHHOCTI ciocTepiraroThest MiXk BH-
JTAMH 3 TIEBHUMH MOP(}OJIOTIYHUMH O3HA-
KaMU POCIIMH, a HE M)XK KOHKPETHUMH
JloBXkHHA 1 Maca KOpEHiB, IBU- | THIaMu (ra30HHA TpaBa, TPaBa, 0COKa,
JIKICTh 3pOCTaHHS POCIUH YarapHUKHM).
MosrBa B3a€MOIisSI MiXK BUIAMH POC-
JIMH Ta IPYHTOBHUM CepeioBuIieM (cyOcT-

INiaponoriuna
e()eKTUBHICTh

Bunanenus azory

parom).
Bunanenns go- | BIuiMB KOHKPETHHX XapakTe-
) o BIutiB pociivH BBaKAETHCSI HE3HAUHHM.
chopy PUCTHK POCIIMH BiJICYTHIN
Bunanenns me- | BIUIMB KOHKPETHHX XapakTe-
. ) o BIutiB pociivH BBaKAETHCSI HE3HAUHHM.
TaJI1B PUCTHUK POCIIUH B1JICYTHII

1. [IpssMuii BIUTMB BUIB POCIUH Ha PU30-
XapaKkTepHCTUKY TOB's13aHi 3 | cepy (KOHKYpEeHIIis, XMKaITBO, aHTUMi-

BuaneHns a- rinponogquom MIPOHUKHICTIO Kp06HivKopeHeBi eKCyJaTn).
ToreHis IPYHTY, HOTO CKJIaZIOM Ta byH- 2 HGTIPSI?V[I/II/I BIUTHB POCIMH HA IIBHJI-
KIII0HYBaHHSIM MiKpoOo1eHo3y | KicTb iHuIbTpanii. OxHe 10cIiKeHHs
pusocdepu HIATBEPKYE OUIbITY €(DEeKTUBHICTD KY-
IIIiB.

HaykoBi nociikeHHs miATBEPKYIOTh, 110 JASSKI BUAM POCITUH MalOTh OUTBIINNA BIUIMB Ha
e(eKTHUBHICTh JIOIIOBUX CaJiB MOPIBHSHO 3 IHIIMMHU, NMPOTE 1€ 3aJEKUTh BiJl (PYHKIIOHATBHOIO
NPU3HAYEHHS CUCTEMU. POCIMHMY 3 TOBCTUM KOPIHHSM CIIPUSIOTH MiATPUMII BOJOIIPOHUKHOCTI IPY-
HTOBOTO CEPEIOBHUIIA. [CHYIOTh MEPEKOHIIMBI IOKA3H TOTO, IO JOBKMHA Ta Maca KOPIHHSA, a TAaK0X
HIBUJKICTh POCTY POCIIMH € BaKIMBUMHU MOP(HOJIOTIYHUMH O3HAKAMH, SIK1 BIUTMBAIOTh HAa BUJAJICHHS
a30Ty. Pi3Hi BUJM POCIMH BIIPI3HSIOTHCS 32 CTYIEHEM BHUAAJICHHS KUIIKOBOT MAJIMYKH Ta IHIIUX
naTtoreHiB. BujaneHHs TBepaIuX 4YaCTUHOK HE 3aJIKUTh Bl BUY POCIIMH YU NMEBHUX iX Mopdoio-
TYHUX O3HaK. BunanaeHHs MeTaniB y KOHCTPYKIIi JOIIOBUX CaJlIB MOKE ICTOTHO BIAPIZHIATUCSA MIXK
BuAaMu pociuH. O/HaK 3arajloM pOCIMHHICTh Ma€ He3HAUHUI BIUIMB Ha 1el mporec. [ToTpiOHi
JTOJTATKOBI1 JOCIIPKEHHS JUIsl 1€TajlbHOTO BUBYEHHS BIUIMBY BU[IB POCIUH Ha T1JIpaBliuHy Mpoay-
KTUBHICTh CUCTEMHM, BUAAJICHHS 30Ty Ta MATOTCHIB Y PI3HUX €KCIEPHUMEHTAIbHUX Ta MOJIbOBUX
YMOBaX 1 KJIIMAaTUYHUX pexuMax. JleTanbHIIoro BUBYEHHs MOTPeOye 1 BIUTUB XapaKTEPUCTUK Ta
BUJIIB POCIIMH Ha JIErpajaliio HaQTOMPOIYKTIB y IPYHTOBUX CEepelOBHUILAX JOIMIOBUX caliB. CyT-
T€Ba yBara MOBMHHA OYTH NpPUJIIEHA JOCTIIKEHHIO JIEPEB, SIK1 IIMPOKO BUKOPUCTOBYIOTHCS B CHC-
TeMax JIOIIOBHX Ca[iB, ajie HEAOCTATHBO JOCTIJKEHI B I[bOMY KOHTEKCTI.

TI'inome3a 3. TepMiH «a0OpHUTEHHUID, «MICIIEBHI a00 «aBTOXTOHHHI» BU3HAYAETHCS T10-
pi3HOMY B PI3HUX PEKOMEHJIAIISX, 3aI€KHO BiJl KIIIMATHYHOTO PETiOHY, 0COOIMBOCTEH TepUTOpii 1
T.1. MicluieBi BUJY POCIHH MOKHA OMHUCATH SIK Ti, IO TPUPOJIHI ISl IEBHOT'O PETIOHY YU MICLIEBOCTI
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1 BUHMKJIM a00 3/1aBHA KUBYTH B 11 Mekax. ICHye rimoTe3a, o MicieBi pocauHu edekTuBHime dy-
HKI[IOHYIOTH Y JOIIOBUX Ca/laX, HiK IHTPOAYKOBaHI BH/IH, 1 L0 TIMOTE3y MOKHA 3HANTHU SIK Yy JIiTe-
parypi J1s cadiBHHKIB-IIIOOMTENIB, Tak i B myOumikamisx npodeciiiaux acomiariii [58]. bigbImicts
NOCIOHMKIB, IKI CTOCYIOTHCSI HACTAHOB JUISL CHCTEM JIOLIOBUX CaJIiB, TAKOXK PEKOMEHAYIOTh BUKO-
PUCTOBYBATH MICLIEBI, a HE €K30TUYHI BUIM pociuH. Hanpuknasn, y pekoMeHaaIisax moao mpoek-
TYBaHHsI CUCTEM JIJIsl YIPaBJIiHHS 3JIMBOBOIO BOJIOKO B 1Tati Mepinena [59] 3a3nadeno, mo «Coif
B1JIJIaBaTH MepeBary MiCIIEBUM POCIMHAM Yepe3 iXHI €CTeTUYHI SKOCTI Ta 3/1aTHICTh CIIPUSATH ITiJIT-
PUMIII BiZICOCKOIOT11 MicIieBOCTI». Takoxk icHye Teopist, o «MicIeBi pOCIMHHU MIBUIIE POCTYTh 1
noTpeOyIOTh MEHIIE JIOTJISATY, OCKUIBKH BOHHM OLIBII MPUCTOCOBAHI JO MICIEBOIO CEPEIOBHIIA.
Buina amanrariiiina 31aTHICT CIIPHSIE TABUILEHHIO €)EKTUBHOCTI AOIIOBUX CafiB». Y PEKOMEH/1a-
isix Minecoru [60] cTBepaKy€eThCs, 1110 MICIIEBI POCIHHE «PEKOMEHI0BAHI BUKIIOYHO Yepe3 iXHIO
CTIMKICTb 1 IMPOKUHN CTIEKTP (PYHKIIIH, IKi BOHU 3a0€3MEUyIOThY.

Y HayKoBi# JliTepaTypl NPaKTUIHO HEMAE MEPEKOHIMBHUX €MITIPUYHHX JI0Ka3iB TOTO, 10 Mi-
CIIeB1 BHJIM POCIUH 320€31euyIoTh OUIbIl e(peKTHBHE (DYHKIIOHYBaHHS KOHCTPYKIIN JOIIOBUX Ca-
JIiB, TIOPIBHSHO 3 IHTPOJYKOBAaHUMH BUAaMU. JIeski 3 IUX JOCIIKEHb MOPIBHIOIOTH MPOTyKTHB-
HICTh CHCTEM, 3aCa/PKCHUX CYMIIIIIO0 MiCIIEBUX POCIIHH, 13 CHCTeMaM# 0€3 POCIMHHOCTI. Y IUX
BHUIIAJIKaX HEMOKIIMBO 3pOOUTH BUCHOBOK 111010 €()EKTUBHOCTI MiCIIEBOI POCIMHHOCTI MOPIBHSIHO 3
HEMICIICBOIO, OCKIJIbKM OCTaHHS He OyJia BKJIOYEHA B IU1aH ekcriepumenty [31,61]. B inmux mocmi-
JOKEHHSIX BIJIHOCHI ITOKa3HUKH €(PEKTHBHOCTI CUCTEM JOIIOBUX CaJIiB 3 MICIICBUMH 1 HEMICIICBUMHU
BUJIaMH POCIIMH MOXKYTb OyTH a00 oHakoBuMH [47], abo riprmmu [62], 3a1exHO BT JOCHIKESHHS.
Astopu [47,62,63] BuCyBarOTh TimoTe3y, [0 Kpallia MPOIyKTHBHICTh BHIY YU CIIJIBHOTH POCIHH
MOSICHIOETHCS KPAIOI0 a/IalTAIl€l0 10 KOHKPETHUX YMOB €KCILTyaTalii JOIOBUX cajliB abo crienu-
¢iuyHKX (QYHKIIIOHAIBHUX O3HAK POCIMH (IIBHJKICTH POCTY, Oiomaca, IIMOMHA YKOPIHCHHSI, THII
KOPEHEBOI CUCTEMH). ICHYIOTh 3HAa4HI TUCKYCIi MO0 BiAMOBITHOCTI MiclieBO1 a00 €K30THYHOT po-
CIIMHHOCTI B KOHKPETHOMY KOHTEKCTI, ajie 0arato aBTOpiB CTBEPKYIOTbh, 10 MPUHIIUII ATPUMKH
€CTETUYHOCTI MICIIEBOCTI Ta MIHHOCTI O10PI3HOMAHITTS € BATOMUMH apryMEHTaMH Ha KOPUCTh BU-
KOPUCTAaHHS MicLieBUX pociuH [64]. BakiuBicTh BAKOPHCTAHHS MICIIEBHX BH/IIB 3 IPUYKH, BiIMIiH-
HUX BiJl €)EeKTUBHOCTI (BUKMUBAHHS Ta MEHIIII BUMOTH JI0 OOCITYTrOBYBaHHs, 3a0€31IEYeHHS CepeIo-
BUII[A TIPOKUBAHHS, HEIHBA3UBHICTh, €CTETUYHICTD) TAKOXK MPOMAryeThCsl IS 1HIIINX TUIIB «3eje-
HUX» KOHCTPYKIIif, TAKUX SIK «3€JICHI» JIaXu Ta «3eJeHi» cTiHu [65].

OTxe, HEe 3BaKalOUW Ha Te, IO AEsKI peKOMEHAAIlll BiIal0Th MepeBary MiCIIeBUM BHIaM
pociuH 1715 3a0e3MeueHHs] BUIIOiI €(EKTUBHOCTI CHUCTEM JIOMIOBUX CaJliB, YITKHX JOKa3iB TOTO,
4oMy IIe Ma€e OyTH Tak, HeMae. BUKopHUcTaHHS MICIIEBUX POCIUH MOXKE CIPUSATH MIATPUMII MicIie-
BOT0 010pI3HOMAHITTS, X04a IHTPOYKOBAHI POCIMHU TaKOXK MOXKYTh 3a0€3MEUUTH L0 (YHKIIIIO.
Opnak He ciij] BUKJIIOYAaTH MOXKJIMBOCTI BUKOPUCTAHHS 1HTPOAYKOBAaHUX BUJIB POCIUH, OCKUIBKU
e MOXKe OyTH €()eKTUBHIIINM Y AEIKUX CUTYaLlsAX, HAPUKIA[, y OUTBII CTPECOBUX YMOBAX, KOJIH
MICLIEBI POCIIMHHU B1IYyBalOTh MPUTHIYEHHS. 3BUYAIHO, SIK YaCTO 3a3HAYAETHCS B HAYKOBIH J1iTepa-
Typi, Taki BUIM POCIIHH, K 1HBa3UBHi, HE TOBUHHI BUKOPHCTOBYBATHCS B CUCTEMAX JIOIIOBUX CaiB.

I'inomesa 4. 3 MeTOI0 NOJIMIIEHHS SKOCTI CEPEJOBUILA Ta MIJBULICHHS €CTETUYHOI MpHU-
BaOJIMBOCTI OUIBLIICTh MOCIOHUKIB Ta PEKOMEHJIAIli MPOMOHYIOTh BUKOPUCTOBYBATU Pi3HI BUAM
POCIIMH y cHCTeMax J01oBux caaiB. OTHaK OCHOBHA MepeBara pi3HOMaHITHOCTI POCIIHH TOJISTAE y
X 3IaTHOCTI aJanTyBAaTUCS IO MIHJIIMBUX YMOB, TAKHX SIK HASBHICTB BOJIH, SIKI MOXKYTh 3MIHIOBATUCS
SK y IpOCTOpi, Tak 1 B yaci. Hanpuknaza, YopasninHsa oxopoHu npupoan Kanaau y cBoix pekoMeH-
narisix 3 anamadTaoro nusaiiny LID [66] migkpecitoe, mo «OcTaHHi KITIMAaTHYHI JaHi BKa3ylOTh
Ha Te, 1110 B OuIbIIOCTI perioHiB Kananu crioctepiraerbes Sk Ay»e BOJIOTE JITO, TaK 1 Mepiojiu Mmo-
cyxu. Lle minkpecntoe HEOOX1IHICTh BUCAKYBATH Al TUBHI, pI3HOMaHITHI POCIMHH, SIKI MOXKYTb
BUTPUMATH MIChKi YMOBH BOJIOTOCTI». ABCTpaifiChKi peKOMEH/Iallii 11010 A0IoBuX caaiB [23] na-
I0Th TOJII0HI BKa3iBKkH. He3anexHo BiJ] 3MiH yMOB HaBKOJIUITHBOTO CEPEOBHINA, POCIHHHI TaKOX
MOXXYTb BIIPI3HATHUCS 32 (DEHOJIOTIE0, BKIIOYAIOYN PI3HUN Yac aKTUBHOCTI MPOTATOM BETeTaIliii-
HOrO mepioay. TakuM YMHOM, B PEKOMEH/IAIIAXK 11010 JOIIOBUX caaiB [67] MpOMOHY€EThCS BUKO-
PUCTOBYBATH MIHIMYM TPH BHIM JIEPEB 1 TPU BUIM YarapHUKIB ISl 3a0€31eUeHHs CTa0IbHOT IIIBU-
JIKOCT1 BUTIAPOBYBAHHS Ta MOTJIMHAHHS MMOXUBHUX PEYOBHH MPOTATOM BETETAIIITHOTO MEPioTy.
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Pe3ynbrati 1ocCiiKeHb 1010 TO3UTHBHOTO BIUIMBY PI3HOMAHITHOCTI BUIIB 200 (PYyHKITIO-
HAJIBHOTO CKJIAJy POCIIMH Ha €KOJIOTIYHI MPOIECH B MPUPOJHUX CHCTEMaX MIATBEPIKYIOTh, IO
KOMOIHAIIISl PI3HUX BHJIIB POCIMH MOXE MIABUIIUTH €(PEKTUBHICTh POCTUHHUX CHCTEM, TAaKHX SK
«3eneni» gaxu [30], pitopemeniaris rpyary [68] abo BogHo-00m0THI yrigas [69]. Moxua npumnyc-
TUTH, IO 1I¢ CTBEPHKCHHS 3aJIMIIAETHCS aKTYaIbHUM 1 JJIs JIOIIOBUX CaJliB, OCKUIBKH I1i KOHCTPY-
KIii BKJIIOYAIOTh PI3HOMaHITHI MIKPOCEpPEI0OBHINA 3 TOYKH 30PY BOJOTOCTI IPYHTY, KOHIEHTpaIii
3a0pyIHIOI0YMX pedoBuH ToIo [70].

[TinTBepmKEHHS 1€l TNOTe3n B HAYKOBUX JOCIIKEHHSIX Maike BiACYTHI. B omHOMY ommy-
omikoBaHoMy gociipkenHi [71] ehekTuBHICTS CHCTEM AOIIOBUX CajiB Ta Pi3HOMAHITHICTH BU/IIB
MOPIBHIOBAJIM 32 JIOTIOMOTOI0 €KCIIEPUMEHTATIBLHOTO MiIX0ay. Pe3ynbTaTu JOCIIKEHHS TOKA3aH,
110 CHCTEMH JIOIIOBHUX CajliB, B AkMX Oy moeaHani Buau Carex appressa tra Lomandra longifolia,
MaJId BUIIUN PIBEHb YTPUMAHHS TIOXUBHUX PEYOBUH MOPIBHIHO 3 CUCTEMAMH, 1€ 1[I BUIU POCIIUH
OyJIi BUCAJKEHI OKPEMO.

Bucokuit
MOTEHIIIAJ 10 ¢i-
TopeMenianii

ITocyxoc- Benuka
TIMKICTh Ta BOJIO- HaJ3eMHa 010-
TOCTIHKICTP Maca pocCJlIiH
ToBcTe Ta ABTOXTOHHI Ta
po3ranyKeHe IHTPOIyKOBaH1
KOpIHHSA BUINA

JbHA notpeda B
MOKUBHUX pe-

YOBHMHAX Ta 00-
CJIyTOBYBaHHI

Puc. 3. PexomeHnoBaHi XapaKTCPUCTUKU pOCJ‘II/IHHOCTi JUISA CUCTEM JIONIOBUX CAIiB
Fig. 3. Recommended vegetation characteristics for rain garden systems

He nuBnsiunch Ha BiICYTHICTh KOHKPETHUX JOCITIKEHb y CHCTeMaXx JIOMIOBUX CajliB, MU
MOYKEMO ITpOaHalli3yBaTH pe3yJIbTaTH, OTPUMAaHI1 JUIs MOAI0HMX TEXHOJIOT1|, HAalpUKJIa/l, BOJAHO-00-
JIOTHUX yTiJb. Pi3H1 BUIM POCITUH MOXKYTh MAaTH Pi3H1 XapaKTEPUCTUKN KOPEHEBOI CUCTEMH, TaKl K
3IaTHICTH IO TPAHCIIOPTYBAHHS KUCHIO, MPUAATHICTD JUIsl KOJIOHI3allii MiKpOOpraHi3MamH, MOTEH-
111aJ1 10 TTOTJIMHAHHS MMOXUBHUX PEUYOBUH 1 OPTaHIYHUX CIHOJYK, & TAKOXK MOJIEI CE30HHOTO POCTY.
Le Mo>xe miABUIIUTH ePEeKTUBHICTh BUIAIECHHS 3a0pY/IHIOIOYUX PEUOBHH Y BOJIHO-OOJIOTHUX YTi-
1six [72]. Jlexinbka eKcriepuMEeHTaTbHUX JAOCIIKeHb MMOPIBHIOBAIN €(EKTUBHICTh CUCTEM, BHCA-
JDKEHHX 3 PI3HUM BHJOBUM Pi3HOMAHITTAM pociuH. Tak, aBTopu [73] He BUSBWIN BIUIMBY Pi3HO-
MaHITHOCTI Ha BUPOOHHUIITBO OiomMacu, BUAAJIEHHS a30Ty 4 dochopy. [nmri asropu [69] criocrepi-
rajii MO3UTUBHUH BIUIMB PI3HOMAaHITHOCTI POCHMH Ha BUJJAJICHHS JESIKUX 3a0pyAHIOI0UNX PEYOBHH.
Llst HeOTHO3HAYHICTD 3aJIEKUTh B1JI BUIIB POCIHH, a TAKOXK B1JI KOHKPETHOTO 3a0pyAHIOBAYa.
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Pe3ynbTaTi eKCepUMEHTAIHUX JOCIII)KEHb BOJIHO-00JI0THUX YTiJlb MOXKYTh HaJaTH KO-
pUCHY i1H(OpMAIIitOo IS CUCTEM AOIIOBHX cafiB. [Ipore ciij mam’siTaT mpo BiIMIHHOCTI Mk ITUMU
JIBOMa THIaMHU KOHCTPYKIIIH. Y MOPIBHSHHI 3 CUCTEMaMH JIOIIOBUX CaJiB, MOOYI0BaHI BOAHO-00-
JIOTHI YT1/1s TIEBHOIO MipOIO 3aTOIUIEH], 1 6araTi MO>KMBHUMH PEYOBHHAMH (3AJICKHO BiJ MIPUPOIU
CTIYHUX BOA). TakuM 4MHOM, BIUIUB PI3HOMAHITHOCTI POCJIMH MOX€E HE MaTu TaKOTro X XapakTepy,
SK Y CUCTeMaXx JIOIIOBUX CaJliB, JI¢ BOJIOTO-CyXHi CTaH BITUBAE HA POCIMHHI Ta MIKpOOHI IIPOIecH
[19].

Xoua TEOpPETUYHI MPHUITYIIEHHS CTBEPXKYIOTh, IO CUCTEMA JOIIOBOTO Cajy 3 PI3HOMAHIT-
HICTIO BUIIB POCIIMH € OLIBII CTIHKOIO Ta €(PEKTHUBHINIOW B MOPIBHSIHHI 3 MOHOKYJIbTYPaMH, €MITi-
PUYHUX JIOKa3iB, 00 MIATBEPAUTH L0 TIMOTE3y, HENOCTaTHRO. TOMy MmocTae moTpeda B 1mojaaib-
HIMX EKCIIEPUMEHTAIbHUX JOCIIIPKEHHSIX CUCTEM 3 PI3HUM BHJIOBUM CKJIQJOM POCIIUH Ui BU3HA-
YeHHsl HaliKpamoi koMOiHalii, 3aCHOBaHO1, HANPHUKIAJ, Ha IXHIX (YHKIIOHATBHUX O3HaKaX. [lo
TOTO Yacy MOXHA BBaXKaTH, 110 BIJACYTHICTh HAYKOBHUX JJOKa3iB I0JI0 3aCTOCYBaHHs B CUCTEMax
JIOUIOBUX CaJiB PI3HOMAHITHUX BUIIB POCIHH HE MOBMHHO MEPEIIKOKATH iX BIPOBAKECHHIO.
Kpim Toro, pi3SHOMaHITHICTh POCIIMH HAJA€ AOMIOBUM CaJiaM 1HIII MepeBary, Taki Ik eCTCTHYHA IiH-
HICTb, MATPUMKA O10PI3HOMAHITTS Ta BUIIA CTIHKICTh 10 PI3HUX BIUIMBIB HABKOJHUIIIHBOTO CEPEIO0-
BUIIIA.

Takum YMHOM, peTeNbHUH Bi0Ip POCIMHHOCTI IMiJ] YaC MPOEKTYBAHHS CUCTEM JOIIOBUX Ca-
JIIB Ma€ BHUpIIIAJIbHE 3HAYECHHS /ISl JOCATHEHHS 3alVIAaHOBAHUX MPAKTUYHUX Pe3yJIbTaTiB. 3arajibHi
PEKOMEHIOBaH1 XapaKTePUCTHKH POCIMHHOCTI U1l KOHCTPYKIIH JOMIOBUX Calax 3alpOrOHOBAHO
aBTOpaMH Ha puc. 3.

4. BUCHOBKH. 3anpOrIOHOBaH1 peKOMEHaIlli Pi3HUX KpaiH CBITy Ta Pe3yJbTaTH €KCIIEpH-
MEHTaJIbHUX JIOCIIIKEHb MIATBEPAXKYIOTh BXKIUBY POJIb POCINH Y KOHCTPYKLISAX JOLIOBUX CaiB,
sIKa 3MIHIOETHCS 3aJI€KHO BiJl (DYHKI[IOHAIBHOI €peKTHUBHOCTI cucTeM. Pe3ynbraTi HayKOBHX J0C-
JJDKEHBb JOBOJISATH TIIOTE3Y MPO Te, M0 e(hEKTUBHICTH JOUTOBUX CAJIIB 3aJICKUTh Bl BUOOPY BUIY
POCIHH, IEpPEeBAXHO Yepe3 TXHi (yHKIIOHATBHI O3HAKH, TaKl K XapaKTEePUCTUKH KOPEHIB Ta IIBH-
JKICTh pocTy. PociuHu cripusitoTh BHJIAIEHHIO a30Ty, Gochopy Ta O6e3rmocepeiHbo MiIBULLYIOTh
piBeHb iHQUIBbTpalii B cucteMi. Ha mpoiec BuaaneHHs MOXKUBHUX PEUYOBUH HAWOUIBIINI BILIUB
31IHCHIOIOTH MOP(OJIOTIUHI 03HAKU POCIMH, TOMY MOTPiOHI MOJANBII JOCHTIKEHHS, 100 3p0o3y-
MITH, SIK BOHH BIUTMBAIOTh HA BUAAJICHHS KOHKPETHUX 3a0py/IHIOBau1B, TAKUX SIK TaTOreHU abo Ha-
(TOBI BYIJIEBO/IHI.

He3sBakatoun Ha Te, 1110 6arato nociOHUKIB 3 TPOEKTYBaHHS JOLOBUX CaJIB PEKOMEHAYIOTh
BUKOPUCTOBYBATH MiCLI€BI BUJIU POCIINH, YITKUX EKCIIEPUMEHTATbHUX JI0KAa31B, 110 MiATBEPIKYIOTh
II0 TIM0TE3y, HEMae. [CHYIOTh apryMeHTH Ha KOPUCTh 1HIIMX (PAKTOPIB, TAKUX K MIATPUMKA Mic-
LIEBOT0 O10pI3HOMAHITTS, MOJIMNIIEHHS JIaHAmadTy Ta MIKPOKIIIMATy, sIKl CJI1JI BpaXOBYBaTH IpH
BUOOP1 POCIIHH.

He nuBnsunch Ha TeOpeTUYHI NPUIYLIEHHS, K1 TIATPUMYIOTh [IEpeBaru pi3HOMaHITHOCTI
POCIIMH y CUCTEMax JOUIOBUX CaJiB MOPIBHAHO 3 MOHOKYJIbTYpaMH, Hapa3i HEJI0CTaTHbO €KCIepH-
MEHTAJIbHUX JI0Ka31B, 11100 MiITBEPAUTH 110 rinore3y. JlocnikeHHs y il o01acTi MOBUHHI OXOM-
JIFOBATH Pi3HI YMOBH, a TAKOK BPaXOBYBATH (DYHKIIIOHATIbHI XapaKTEPUCTUKU POCIHH JJIS KPaIloro
PO3yMiHHS iIXHBOTO BIUTMBY Ha €()EKTUBHICTh CUCTEM JIOIIOBUX CaiB.

JlocnimkeHHs cCHCTeM JIOIIOBUX CaJiB MatOTh MOTEHIIIaM JIst TOJIMIIIEHHS X €)eKTUBHOCTI,
0COOJIMBO 3 ypaxyBaHHSM OCTaHHIX JOCATHEHb y BUKOPHCTAaHHI MIKpoOioTH Ta ¢iTopeMeniarii.
ExcrniepumeHTanbHi JOCTIKEHHS POJIi POCIUH B MAHOYTHROMY TOBHHHI OXOILTIOBATH SIK PEaliCTH-
YHI YMOBHM IOBHOPO3MIPHUX CHUCTEM, TaK 1 JIAOOpaTOpHI e€KCIIepUMEHTabHI YCTaHOBKH (Hampu-
KJ1aJ1, KOJIOHH), 1110 MatOTh CBOi 0OMeKeHHs (Kpa€eBi epeKTH, HepeaJiCTUYHA MIIJIbHICTh KOPEHIB) Ta
nepeBaru (MMOBTOPIOBAHICTH 1 KOHTPOJIb 32 00podkamu). KpiM Toro, 1ociipkeHHs pOCIMHHHUX CUC-
TEM JIOLIOBUX Ca/1iB HEOOXITHO PO3MIMPIOBATH, 1100 OXOMUTH MIKUPIINI CIEKTP PErioHiB 1 KJIiMaTh-
YHUX YMOB, aJKe€ pe3yibTaTH, OTPUMAaHI 3 €KCIePUMEHTAIbHUX AOCTIIKEHb Y OAHOMY KJiMarTi,
MOXYTb HE BiJIOBIJIaTH IHIIOMY.
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