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EKOJIOTTYHI HACJAIJIKHA KOMEPIIAJIBALIIT KOCMIYHOI JISIJIBHOCTI

HasiBHICTP KOCMIYHHMX TEXHOJIOTIH Yy JepkaBl BHU3HAuae ii CTpaTeriuyHe Micle Ta
IPECTIK y CBITi. YKpaiHa, K KOCMi4Ha Jep)kaBa, BIAHOCUTbCSA 10 HeOaraTthbox KpaiH, sKi
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MaroTh 3aMKHYTHH TEXHOJIOTIYHHMMA IUKJI pakeToOyayBaHHsA. B YkpaiHi cTBOpeHO MOTYXHY
HAYKOBY-ZIOCJIi THUIIbKY, TPOEKTHO-KOHCTPYKTOPCHKY Ta BUPOOHHUY 0a3y Ui BUTOTOBJICHHS
paKeTHOro TNalliBa, CTBOPEHHS PAKETHUX [BUTYHIB, paKeT-HOCIIB, KOCMIUYHHX amaparis,
BUNIPOOYBAJILHUX CTEH/IB Ta IHIIMX OO’€KTIB pPaKeTHO-KOCMIYHOI TexHiku. J[lepxkaBHa
niaTpuMKa Ta GpiHaHCYBaHHS y cdepl KOCMIYHOI AISUTBHOCTI € 3aOpyKOI0 IS ii YCHIITHOTO
PO3BHUTKY 1 KOHKYPEHTOCIPOMOYKHOCTI Ha CBITOBOMY PUHKY KOCMIYHUX ITyCKOBUX MOCHYT.

Jlo OCHOBHUX TEHJECHIIIH CBITOBOI'O PO3BHUTKY PAaKETHO-KOCMIYHOI rajgy3i BiJIHOCATH
NpUBAaTH3AI[l0  KOCMOCY, KOMEpIali3alil0  KOCMIYHOI  JisUIBHOCTI Ta  MpPOIECH
iHTepHanionamizamii [1]. HaiGiapm koMepiriaai3oBaHUMH HaIpsIMKaMU PaKeTHO-KOCMIYHO1
JisUTbHOCTI B YKpaiHi € 3aIyCKH CYNMyTHHKIB Ta KOCMIYHHMX amapariB Ha OpOiTy, KOCMIYHHUN
3B'I30K, MUCTaHIIMHE 30HIyBaHHS 3eMii, reoiHdopmarliiiine kaprorpadyBaHHs, HaBiraris,
NPUPOJHO-KITIMaTHYHUI MOHITOPHHT.

B VYkpaini pospobiiena 3araipHOIEp)kaBHA IUJIbOBA HAYKOBO-TEXHIYHA KOCMIYHA
nporpama Ha 2021 — 2025 poku Ta po3poOiieHui mMexaHi3m 11 ¢yHkuioHyBaHHs [2]. s
CTBOPEHHS KOCMIYHHX CHCTEM CIIOCTEPEXKEHHs 3eMJi Ta iX CKJIaJ0BUX HepeadaueHo
oprasizamito QyHIaMEHTAIBHUX 1 NMPUKIATHUX KOCMIYHUX JOCTIPKEHb Ta BIPOBAKCHHSI
KOCMIYHHMX TEXHOJIOTiM Ha puHKY mociyr. [Iporpamoro nependayeHo, Mo 3HaAYHUI BiICOTOK
(iHaHCYyBaHHS PaKeTHO-KOCMIYHOI rairy3i IOBUHEH 3IIHCHIOBATHCS Ha KOMEPIiIHIi OCHOBI.

Y nmocmimxenHi [3] BU3HAYEHI OCHOBHI HANpsIMH HETAaTHBHOTO BIUIMBY PaKETHO-
KOCMIYHOI AisITHOCTI Ha HaBKOJMIIHE cepenoBuine. Cepen HMX — XiMiuHE 3a0pyTHEHHS
atMochepu BHKHJAMU MPOAYKTIB 3rOPSHHS PAKETHUX JBUTYHIB, MEXaHIYHE W XIMIYHE
3a0py/AHEHHS 3aJUIIKaMH KOMIIOHEHTIB PaKeTHOT'O MaJnBa paiOHIB MaliHHS BiIOKPEMIICHUX
YacTHH pakeT-HOCiiB. J[0 0COOJIMBO BaXKMX HACHIJKIB IMPU3BOJIUTH XIMiUYHE 3a0pyIHCHHS
IPYHTOBOTO TOKPHBY 3€MJIi Ta MiJ3€MHHUX BOJ TOKCHYHMMH KOMIOHEHTAMH MaJlMBa MpHU
aBapiiiHUX 3aIyCcKax paker.

JlepkaBa, sika 3MIHCHIOE 3aIlyCKM KOCMIYHUX amapariB, BIATOBIZAa€ 3a MOBEPHEHHS
TEPUTOPIM  PO3MIIICHHA  CTApPTOBUX  KOMIUIEKCIB Ta IYCKOBHX  YCTAHOBOK  JIO
3arajibHOJIEPKABHOTO 3eMeNbHOTo (GoHIY Y uncToMy Bui. OTke, y pa3i 3A1iICHEHHS 3aITyCKiB
pakeT HeAepKaBHUMH  (KOMEPI[IHHMMH)  OpraHizalissMd MHTaHHS [IOJI0  IXHbBOI
BIJIOBIAAJILHOCT] Y Cy4aCHUX YMOBaX € BIIKPUTHM.

Binomo, 1m0 mpoeKkTH MisIbHOCTI JIFOAMHU, SIKI MOXYTh MaTW HEraTUBHHMM BIUIMB Ha
JOBKLUIA, MIJUIATalOTh  €KOJIOTIYHIM — eKCHepTu3i. 3arajioM 3a JII0OYUMH HOpMaMu
HAI[IOHAJTFHOTO 3aKOHOJABCTBA €KOJOTIYHIM eKCHepTu3i MiJisraioTs 22 BUAM TisSTIBHOCTI.
OpnHak KOCMIYHA AISUTBHICTB /10 TaKOro MEpesiKy He BXoauTh [4]. Okpemi MonoxKeHHs] HOBOI
penakuii 3akony Ykpainu “IIpo xkocMidHy AisUTBHICTB” BKa3yloTh, 110 BUPOOJEHI B YKpaiHi
00’€KTH KOCMIYHOI JISUIbHOCTI MIJUIATaloTh O0O0OB’S3KOBiM cepTudikaiii Ha BIAMNOBIIHICTh
BUMOTaM eKCIUTyaTaliifHOi MPUAAaTHOCT], BCTAHOBJICHUMH YUHHUMU B YKpaiHI HOPMaTUBHUMHU
JNOKYMEHTaMHu, 3 oQopMJIeHHSIM cepTudikara BigmoBigHocTi. OpHak BUpPOOJEHI 3a
MDKHapOAHUMHU 3aMOBJICHHSMM B YKpaiHi 00’€KTH PakeTHO-KOCMIYHOT TEXHIKU MiJIAra0Th
cepTuikaiii TUIbKH 3a BIIaCHUM Oa)KaHHSM Cy0’€KTIB IPUBATHOI (JOPMU BIIACHOCTI.

TakuM YMHOM, B YMOBaXx 30UIbIIEHHS Y 3araJlbHOMY 00Cs31 YaCTKH MPOAYKTIB Ta HOCIYT
KOCMIYHOI JIISITEHOCTI, BUPOOJIEHOT KOMEPIIIMHIMH OpraHi3aIlisiMi, Y4acTh JepKaBH y MPOIIECi
BUPIIICHHS MUTAaHb €KOJIOTIYHOI O€3MEeKU BCe OHO 3ATUIIAETHCS JOMIHYIOUOI0. A 1€ y CBOIO
yepry noTpedye BHECEHHS JOJaTKOBHUX 3MIiH JIO 3aKOHOJABCTBAa CTOCOBHO BIJIMOBINATBLHOCTI
KOMEPILIMHUX OpraHizalliii 3a HACHiIKH MOXJIMBUX HEIITATHUX HAJI3BHYAlHUX CHTYaIliil.
Mo>JI1BO, TOIUIBHUM € CTBOPEHHS CIIELIaIbHOTO CTPaxoBoro Gouay ¢giHaHCyBaHHS 3aXO0/1B
3 JKBiJalii HAC/IiKiB 3a0pyIHEHHS CKJIaJI0BUX IPUPOJAHOTO CEPEIOBHIIIA.
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PROSPECTS OF MYCORRHIZAL FUNGI IN PHYTOREMEDIATION OF
HEAVY METAL CONTAMINATED SOILS

Industry has a considerable impact on the environment. The coal industry in Ukraine is
one of the largest environmental polluters. Heavy metals are one of the major environmental
pollutants.

Most of the heavy metals are important micronutrients for plants, such as: Zn, Cu, Mn,
Ni. At the same time, others only have a negative effect: Cd, Pb and Hg. Mining is the main
source of these heavy metals entering the environment. Coal industry is not an exception. Coal
dumps are the main source of pollution. Studies have shown that these dumps have a high
concentration of heavy metals that exceeds the permissible limit [1]. Heavy metals in these
substrates are not chemically decomposed. They can be only removed or immobilized in the
substrate [2]. Heavy metals can only be removed from contaminated land using physical
methods. But these methods are expensive and require a large amount of expenditure.

Phytoremediation is one of the simplest and cheapest remediation methods.
Phytoremediation is a remediation method using plants. Of course, plants growing on polluted
soils have weak root systems and low biomass. One of the factors in this is the lack of
micorrhizal. One solution to this problem is the use of fungal inoculum. First of all, it helps to
insulate the root system from the negative impact of heavy metal absorption. But one must be
careful when choosing fungal seed material, because some of them, on the contrary, stimulate
the absorption of heavy metals by the root system of plants. Plants such as Brassica juncea (L.),
Helianthus annuus L. have been used to remove such harmful metals as copper, cadmium,
nickel, zinc and lead, precisely after improving the root system conditions [3]. Investigated 11
cadmium-resistant strains of bacteria from the root zone of Brassica juncea L., including
Rhodococcus sp., Variovorax paradox and Flavobacterium sp. Seedlings were grown in soils
supplemented with cadmium in addition to sewage sludge and mining waste, which had a high
concentration of cadmium responsible for stimulating root expansion, thus being a promising
inoculant to enhance the growth of metal-harvesting plants [4].

The roots of plants give microbes a rich specialty to develop due to root exudates; thus
microbes act as biocatalysts to remove pollutants. The diverse nature of plant-microbe
mutualism is an exciting area of research that has shown steady progress over the past decade.
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