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V crarTi AOCTIKEHO NMUTAHHS CTAHOBJIEHHS OiOJIOTiYHOTO OYMIIEHHS HaBKOJHWIIHBOTO CEepeJOBHINA i3
BUKODHCTaHHSIM  MIKpPOOpPraHi3MiB.  3xificHeHO aHanmi3  HAWIOIIUPEHIIINX  BUAIB-IECTPYKTOPIB
Ha(TONMPOAYKTIB Ta IX 3aCTOCYBAaHHS IPH CTBOPEHHI crenu@idHuX OiompenapaTiB Ha HOCISX pPI3HOTO
MOXO/KEHHS. YBara akIeHTYETHCS Ha BHKOPHCTAHHI CIIEIiali30BaHUX MIKpOOPTaHi3MiB-IECTPYKTOPIB
Ha(TONPOAYKTIB, IMMOOLTI30BaHUX Ha MITYYHOMY BOJIOKHI THITY «BLS».

Knrouosi crnosa: 8yenesooHi, Mikpoopaauizmu, 0ecmpykyis Hagpmonpooykmis, iMmoobinizayis.

Bonounaa A.M., Peusckuii A.®. CTAHOBJIEHUE BMOJIOTMYECKOM OUUCTKHA OKPYXAIOIIEA
CPEJJbI OT HE®TEITPOJYKTOB C HCIIOJB30BAHUEM MHKPOOPI'AHU3MOB (nnteparypHsblii
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B craTbe wHccnenoBaH BONPOC CTAHOBJIEHMS OHOJIOTMYECKOH OYMCTKM OKpysKawomeil cpeasl ¢
UCIIOJIb30BaHUEM MHKPOOPraHM3MOB. [IpoBeieH aHain3 caMbIX pacIpOCTPAHEHHBIX BHOB-IECTPYKTOPOB
He(TENIPOJYKTOB M MX IPUMEHEHHUsS IPU CO3JaHUM crelu(pUUecKux OUOIpenapaTtoB Ha HOCHTENAX
Pa3IMYHOTO MPOUCXOXKACHHS. BHUMaHME CKOHLECHTPUPOBAHO Ha HMCHOJIB30BAHUH CIICLMATU3HPOBAHBIX
MHKPOOPraHHU3MOB-/I€CTPYKTOPOB HEPTEIIPOIYKTOB, HUMMOOMIM3UPOBAHHBIX Ha HCKYCCTBEHHOM BOJIOKHE
Tuna «BUS».

Kniouegvle cnosa: y2ne6000poobi, MUKpOOp2aHu3mul, 0ecmpyKyus Hepmenpooykmos, UMMOoOUIU3AYyUs.

Voloshina A.M., Rylsky A.F. FORMATION BIOLOGICAL TREATMENT OF ENVIRONMENT FROM
OIL USING MICROORGANISMS (review) / Zaporizhzhya National University; 69600, Ukraine,
Zaporizhzhya, Zhukovsky str., 66

One of the major environmental problems today is hydrocarbon contamination resulting from the
anthropogenic activities. Hydrocarbon components have been known to belong to the family of
carcinogens and neurotoxic organic pollutants. Currently accepted disposal methods of incineration or
burial insecure landfills can become prohibitively expensive when amounts of contaminants are large.
Mechanical and chemical methods generally used to remove hydrocarbons from contaminated sites have
limited effectiveness and can be expensive. Bioremediation is the promising technology for the treatment
of these contaminated sites since it is cost-effective and will lead to complete mineralization.
Bioremediation functions basically on biodegradation, which may refer to complete mineralization of
organic contaminants into carbon dioxide, water, inorganic compounds, and cell protein or transformation
of complex organic contaminants to other simpler organic compounds by biological agents like
microorganisms. Many indigenous microorganisms in water and soil are capable of degrading
hydrocarbon contaminants.

The process of bioremediation, defined as the use of microorganisms to detoxify or remove pollutants
owing to their diverse metabolic capabilities is an evolving method for the removal and degradation of
many environmental pollutants including the products of petroleum industry. In addition, bioremediation
technology is believed to be noninvasive and relatively cost-effective. Biodegradation by natural
populations of microorganisms represents one of the primary mechanisms by which petroleum and other
hydrocarbon pollutants can be removed from the environment and is cheaper than other remediation
technologies.

The success of oil spill bioremediation depends on one’s ability to establish and maintain conditions that
favor enhanced oil biodegradation rates in the contaminated environment. Numerous scientific review
articles have covered various factors that influence the rate of oil biodegradation. One important
requirement is the presence of microorganisms with the appropriate metabolic capabilities. If these
microorganisms are present, then optimal rates of growth and hydrocarbon biodegradation can be
sustained by ensuring that adequate concentrations of nutrients and oxygen are present and that the pH is
between 6 and 9. The physical and chemical characteristics of the oil and oil surface area are also
important determinants of bioremediation success. There are the two main approaches to oil spill
bioremediation: (a) bioaugmentation, in which known oil-degrading bacteria are added to supplement the
existing microbial population, and (b) biostimulation, in which the growth of indigenous oil degraders is
stimulated by the addition of nutrients or other growth-limiting cosubstrates.

Biodegradation of petroleum hydrocarbons is a complex process that depends on the nature and on the
amount of the hydrocarbons present. Petroleum hydrocarbons can be divided into four classes: the
saturates, the aromatics, the asphaltenes (phenols, fatty acids, ketones, esters, and porphyrins), and the
resins (pyridines, quinolines, carbazoles, sulfoxides, and amides). Different factors influencing
hydrocarbon degradation have been reported by scientists. One of the important factors that limit
biodegradation of oil pollutants in the environment is their limited availability to microorganisms.
Petroleum hydrocarbon compounds bind to soil components, and they are difficult to be removed or
degraded. Hydrocarbons differ in their susceptibility to microbial attack. The susceptibility of
hydrocarbons to microbial degradation can be generally ranked as follows: linear alkanes branched
alkanes small aromatics cyclic alkanes. Some compounds, such as the high molecular weight polycyclic
aromatic hydrocarbons (PAHs), may not be degraded at all.

Microbial degradation is the major and ultimate natural mechanism by which one can cleanup the
petroleum hydrocarbon pollutants from the environment. The recognition of biodegraded petroleum-
derived aromatic hydrocarbons in marine sediments was reported by Kun Tonga, Yihe Zhanga, Guohua
Liub, Zhengfang Yeb et al. They studied the extensive biodegradation of alkyl aromatics in marine
sediments which occurred prior to detectable biodegradation of n-alkane profile of the crude oil and the
microorganisms, namely, Arthrobacter, Burkholderia, Mycobacterium, Pseudomonas, Sphingomonas,
and Rhodococcus were found to be involved for alkylaromatic degradation. Nine bacterial strains,
namely, Pseudomonas fluorescens, P. aeruginosa, Bacillus subtilis, Bacillus sp., Alcaligenes sp., Acinetobacter

Bichuk 3anopizbkozo nayionansnozo ynieepcumemy Nel, 2017



126

Iwoffi, Flavobacterium sp., Micrococcus roseus, and Corynebacterium sp. were isolated from the polluted
stream which could degrade crude oil.

This paper presents an updated historical overview of petroleum hydrocarbon degradation
by microorganisms under different ecosystems.
Key words: hydrocarbons, microorganisms, degradation of oil, immobilization.

BCTYII

OpHi€I0 3 OCHOBHUX €KOJOTIYHHMX MpOoOJeM Cy4acHOCTI € 3a0pyJHEeHHS BYTJICBOAHAMHU
HAaBKOJIMIIHBOTO CEPeZOBMINA B pPE3yibTaTi aHTPOIOTeHHOI [isuibHOCTI. ByrmeBomHesi
KOMITOHEHTH, SIK BIiJOMO, HajeXaTh J0 CiMeHcTBa KaHIEPOTEHIB 1 HEHPOTOKCHUECKUX
OpraHiuHuX 3a0pyqHIOBadiB. MexaHi4yHi Ta XiMi4Hi METOIH, AKi HaliuacTille BUKOPUCTOBYIOTHCS
JUI BUJQJICHHS BYIJIEBOIHIB 13 3a0pyOHEHUX AUISHOK BOJHOTO CEPEAOBHILNA Ta IPYHTOBOTO
MOKPUBY, MAIOTh OOMEXeHY e(eKTHBHICTh 1 BUCOKY BapTicTh. biopemesiailis € epCrieKTHBHOO
TEXHOJIOTIE0 Ui BIHOBJICHHS 3a0pyIHEHHUX NUITHOK, OCKIJIbKM BOHa €KOHOMIYHO e(DeKTHBHA 1
MIPU3BOAUTL IO TIOBHOI MiHepaii3alii opraHiuHuUX 3a0pyJHEHb HA BYTJIEKUCIHHA Ta3, BOAY,
HEOpraHiyHi CIONyKH, 1 KITHHHHH OOk abo TpaHchopMamilo CKIaJIHUX OpTaHIYHUX
3a0pyIHIOBAYIB B 1HIIN MPOCTIII OPraHiYHi CIIOJIYKH 32 JJOTIOMOTOK0 010JIOTIYHMX areHTIB, TAKUX
SIK MikpoopraHizMu. CTaHOBJICHHS 3a3HAa4€HOI IPOOIEMaTHKH TPUBAE JECATKU POKIB.

OuuIilieHHS HABKOJHIIHLOTO CEPEJOBHINA BiJi HAPTONPOIYKTIB MPOBOAUTHCS XIMIUHUMH,
(I3UYHUMHE Ta EIIEKTPOXIMIYHMMHU CHOCOOAaMH, TEXHOJIOTIS SKHX TPYAOMICTKA, MOTpeOye
BEIMKUX MaTepiaJbHUX BUTPAT Ta HE 3aBXAW 3a0e3nedye BHCOKWH CTyHiHb oumieHHsS. Crig
3a3HAYUTH, 10 NMPU TPAJAMINMHAX METOJAX 3HEIIKOPKCHHS Ta O30JCHHS BIIXOJIB BUTPATU B 3
pa3u MepeBULIYIOTh BapTicTh OionoriyHoro poskinaganHs. [IpuuoMy BUTpaTi Ha OYAiBHULTBO Ta
eKCIUIyaTallli0 CTaHI[i OIOJOTIYHOI OYMCTKM HIDKYI, HIXK JUIS OUIBIIOCTI MiAIPUEMCTB 3
TPaAUIIIITHOIO CUCTEMOO 00poOKkH [1].

Crorogni Bimomo 0e3mid mpainps I[OJ0 OYHWIICHHS HaBKOJMWIIIHBOTO CEPEIOBHUINA  Bij
HaQTONPOIYKTIB. YCi BOHM 3acCHOBaHI Ha MigOopi crocoly iMMOOiTi3alii MeBHOT KYJIbTYpH.
YucneHH1 TOCTIPKeHHS CBiIYaTh Mpo Te, 110 HaWOUIBII BUCOKI PE3y/IbTaTH OYHINEHHS CTIYHHX
BOJ Bil HAPTOMPOIAYKTIB MOXKYTh OYTH JOCATHYTI 3a paXxyHOK 3aCTOCYBaHHSA iIMMOOITI30BaHMUX,
TOOTO TMPUKPIILICHUX JO TBEPAOTO HOCIS, MIKPOOPTaHi3MiB, II0 B OCHOBHOMY IOSICHIOETHCS
MOJIMBICTIO JIOCATHCHHS HAJ[3BUYAHO BHCOKOI KOHIIEHTpAIlii KIITHH HA OJWHUII MOBEPXHI
HOCIST; TIOCHJICHHSM TIPOIIECY MacoOOMIHY MiXK T'a30BOIO 1 PiKOIO0 (azaMu B PeakTopi; JIETKICTIO
MOMITY KIIITHH 1 PIAMHY, IO OYUITYEThCH. EQEKTUBHICTh TAKUX METOJIB OYHCTKH KOJIHMBAETHCS B
LIIMPOKOMY Jiala3oHi, IO 3aJIEKUTHh BiJ ONTHMAIBLHOTO BHOOpPY iMMoOimi3aTOopa Ta MITaMy
Mikpoopranizmis [1-3].

HesBaxkatoun Ha Te, mo MikpoOionoriuna TtpaHcdopmallis HaPTONPOMYKTIB Ta HAPTOBUX
BYTJIEBOJIHIB BUBYEHA JIOCTATHHO MOBHO, 010JOTIYHE OYHINEHHS BiJ HUX TMPOMUCIOBUX CTIYHUX
BOJI 3HAXOJUTHCS Ha CTAJil pO3BUTKY 1 CTAHOBIICHHSI.

Mertoro Hamoi HaykoBOi poOOTH Oyno MOCHi/KEHHS NHUTaHHS CTAaHOBJIEHHS Oi0JIOTiYHOTO
OYHINEHHS HaBKOJHUIIHHOIO CEPEMOBHINA 13 BHKOPHCTAHHAM MIKPOOPTaHI3MIB, aHali3
HANMOMMPEHINX BUAIB-IECTPYKTOPiB HApTONPOAYKTIB Ta iX 3aCTOCYBaHHS IPH CTBOPEHHI
cneun¢iyHuX OiompenapariB Ha HOCISIX Pi3HOTO MOXOKEHHS.

ICTOPUYHUI ACNIEKT CTAHOBJIEHHSI IUTAHHS BIOJIOTTYHOI'O
OUYMIIEHHA HABKOJIMIIHBOI'O CEPEJJIOBUIIIA
BIJI HA®TOIIPOAYKTIB

[lepmii mpumymeHHs momo Oi0NOTIYHOTO pPYHHYBaHHS BYTJIEBOJHIB MICTATBCS B TIPaIsx
Miomm [4]. Tlpsimi BKa3iBKM Ha CIIO)KHBAaHHS BYIJIEBOAHIB MiKpOOpPTaHi3MaMH BIIEpIIE
3’ sBuich y 1906 porri, komu Pan BUAUMB 13 IPYHTY IUTICHABUN T'puO, 3MaTHUH IO aKTHBHOTO
pocty Ha mapadini. [Tounnarouu 3 1924 poky, Taycon omyOmiKyBaB psij npalb, Y SKHX HaJZaHO
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JeTalbHY XapaKTepUCTUKY MIKpOOPTaHi3MiB, BUAUICHUX 13 TPyHTIB HadToBUX mpoMuciiB baky
Ta 3aKaBKa33sl, Ta JIOBEACHO IX 3/IaTHICTh O OKUCHEHHS BYIJICBOIHIB [5-7].

VY 1925 poui OpTOH ONPUIIOAHMB 3asBY LIOJO0 BaXJIUBOI poii OakTepill y BuAaieHHi HaQTH 3
Mopsi. 300em, ciBnpantooud 3 I'pantom Ta Xaacom, y 1943 pouni ony0ikyBaB mparto, y sSKii
MOKa3aB, II0 B MOPCHKIH BOJI IIUPOKO PO3MOBCIODKEHI OakTepii, 3[aTHI OKHUCITIOBATH CUDPY
Ha( Ty, IPOAYKTH 11 MepepoOKH Ta YHCACHHI YUCTI BYIJIeBOIHI [7].

3a0pyAHECHHS BOJOWM HAa()TOMPOIYKTAMH TPU3BOIAUTH 10 BUCHAXKECHHS 3aI1aciB BOJHOIO KHUCHIO,
BUTPATU HAa OKHUCIICHHS OpraHiYHUX peuoBWH. HasBHICTH Ha MOBEpXHI BOJM HA(TOBOI TUIIBKH
pPi3KO 3HWXKYE 3JaTHICTh BOJOWM JIO CaMOOYHIICHHS, OCKIIBKM I IUTIBKa TEPEIIKOHKAE
HAJXO/DKEHHIO Y BOJIY aTMOC(EpHOro KHCHIO. Y IIbOMY BHIAIKY Y BOJOWMI CTBOPIOIOTHCS
aHaepoOHI YMOBH, IO MMPU3BOIUTE A0 TiIBUIIECHHSI BMICTY Y BOI IIKiJTMBUX PEYOBHH [§].

[IBuaKicTh HaKOMMYECHHS HAQTOMPOAYKTIB y BOJHHUX 1 I'PYHTOBHX E€KOCHCTEMAax y pe3yJbTari
TEXHOTEHHOTO 3a0pyIHEHHS BHIIEpeIKae iXHIO MpUpOIHY Oioaerpaaanito. Jns mpuckopeHHS
MPOLIECIB OYMILIEHHS HEOOXiIHO BUKOPHCTOBYBATH O10JIOTiIYHI pe3epBH MIKPOOHUX CHIIBHOT i
0ioIIeH031B, 10 BKJIFOYAIOTh OPTaHI3MH 3 PiI3HUMH 010XiMiYHUMHU MOXIIUBOCTSIMH [9].

Kynprypu Mikpooprani3mis, ki TpaJuIiifHO BUKOPHCTOBYIOTECA B OIOTEXHOJOTISX OYHIIECHHS
BiJl KCEHOOIOTHKIB, € 130JIATAMH KJIOHIB reTepoTpodHUX OakTepiit i TpubiB 3 BITHOCHO BY3bKUM
CIIEKTpOM Oloreoximiunux (QYyHKIH, mo oOMmexye ix 3acrtocyBanns [10, 11]. Tlpuponni
acomianii MarOTh 3Ha4YHO Oarartmuii HaOip MX (YHKIIM, OCKIIBKH 3aBXKAM BKIIOYAIOTH B cebe
(hOTOCHHTETHKH: BHII[I POCIUHU, MiKPOBOJIOPOCTI 1 IliaHOOAKTEPii.

Hocein poboTu 3 Mikpoopra"izMaMu OTPHMAaHO Y 3B’S3Ky 31 CTBOpPEHHAM BIpPOJoBk 60-70-x
POKIB MUHYJIOTO CTONITTS BEITMKOTOHHAKHOI NMPOMHCIOBOCTI MO OTPHUMaHHIO Oi0BiTaMiHHHX
KOHIICHTPATIB 3 BYIJICBO/IHIB HAQTH B SIKOCTI CHpOBUHH [ 12].

OcHOBHMMHU  OIOJIOTIYHUMHU areHTaMu, IO 3/AIMCHIOITH OIOJOriYHE pO3KIAJaHHSA, €
MIKpOOpraHi3MH, $Ki MalTh I[MUPOKY PI3HOMAaHITHICTh (PEPMEHTHHX CHCTEM Ta
XapaKTepU3yIOThCA BENHUKOIO JaliIbHICTIO MeTaboni3My. BoHM 37aTHI po3KiIafaTd MIUPOKUN
CHEKTp XIMIYHO CTIHKHX CIIONYK, Y TOMY YMCHi HaTOMPOIYyKTH Ta iXHi moxiaHi [12-14].

Jnsi TpUCKOpEHHS TPOIECiB OYMIICHHS Ta BiJIHOBICHHS BOJHUX EKOCHCTEM HEOOXiIHO
BUKOPUCTOBYBAaTH OIOJIOTiYHI pe3epBH HE IMIIE MIKpOOHHMX KIITHH, ane W MiKpoOHHUX
CIiBTOBAapHUCTB Ta OioneHo3iB [15].

MPUPOIOOXOPOHHI BIOTEXHOJIOI'Ti 3 BUKOPUCTAHHSM
IMMOBUII30OBAHUX MIKPOOPI'AHI3MIB

B ocranHi poku Bce yacTillle Ha MPAKTHUIll 3aCTOCOYIOTHCS MPUPOIOOXOPOHHI OI0TEXHOJIOTIT 3
BUKOPUCTAaHHIM 3akpimieHoi imMmoO0ini3oBaHoi MiKpodaopy Ha HOCIAX PI3HOT TpPUPOAU
(axTHBOBaHE BYTUUIA, KEpaM3WT, IMOPOJOH, PI3HOTO POAY CHHTETHYHI Ta IOJIMEpHi
BOJIOKHA) [16-19].

J1s1 610JTOTI9HOTO OYMINIEHHS BOJW Bl TOKCHYHUX PEUYOBHH Ha 0a3i BTy MiKpoOioIoTii BOau
InctuTyTy KOMoiaHOI Ximii Ta ximii Bogu iM. A. B. Jlymancekoro HAH Ykpainu 0yino cTBopeHo
HOCill 3 yJABTPAaTOHKOTO XIMIYHOTO TJAJAKOrO W TEKCTypOBaHOTO BOJIOKHA, IO 3ale3meuye
Oe3oraHHMi MacOOOMIH 1 BiIMiHHY IEpMaHEHTHY pereHepalio HOCisl, Ha SIKOMY PO3BUBAETHCS
OiorutiBKa MIKpOOPraHi3MiB-AecTpyKTOpiB. Po3po0bieni BonokHucTi HOcil Ty «BIS» He MaroTh
co6i piBHEX y CBiTi 3a muTOMOIO TWIOmIEr0 moBepxHi (5000-10000 M> Ha 1 M* 06’emy oumcHOT
CIIOPYAM) Ta HAWBAXKIIMBIIITUMHU TEXHOJIOTIYHUMH apamerpamu [20-21].

Junst BUpinIeHHS MpoOJieMy OYMINECHHS CTIYHHMX BOJ, Ha MPUKJIaAl YKpaiHChKOT aHTapKTUYHOT
cTaHWii akageMika BepHancpkoro, HayKOBHUMH CIiBpOOiTHMKaMH HalioHanbHOTO TEXHIYHOTO
yHiBepcuTeTy YKpainu «KuiBcbkuil MOMITEXHIYHMH 1HCTUTYT» OYJIO 3alpONOHOBAaHO 3alisiTH
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Cy4acHi METOJM 1 TEXHOJOTii, 30Kpema, OIiOJOTiYHE OYHINEHHS 3 BUKOPUCTAHHIM
iMMOO1JTI30BaHUX MIKPOOPTaHi3MiB Ta CTBOPEHHSM y CIIOPYIaX MOXKJIMBOCTEH Ui OpraHizarii
MOCTITIOBHUX aHaepOoOHUX, AHOKCHUAHUX, aHACPOOHHMX 1 aepoOHUX MPOIECiB, 3aBASKH YOMY
MOKHA BUAAIATH 13 CTIYHHX BOJ TOKCHYHI PEYOBHHH, CTBOPIOBATH YMOBHU JUIS 3IiHCHEHHS
HITpHU- neHiTpudikarii, aHaMoKc-iporiecy Ta Aedocdopartlii, BiiTak MOKa3HUKH 3a0pyIHEHHS
CTIYHUX BOJ Oyze TOBEACHO IO MIF0YMX CaHITapHUX BEMOT [22].

Bigbip HaWOUIBII — CcTANOr0, AaKTHBHOTO 1 TEXHOJIOTIYHO MPHIATHOTO KOHCOPIyMY
MIKpOOPraHi3MiB, IO NPUAATHI JJIS OYHWIICHHS CTIYHUX BOJ|, NPOBOJWIM B MPOTOYHOMY
JBOCEKLIITHOMY J1abOpaTOpHOMY KyJIETUBATOPi IPU iIHTCHCUBHIN aepalii CTUCHYTHM TMOBITPSIM y
MIPUCYTHOCTI BOJOKHHCTOTO HOCIA [23, 24], BUTOTOBJICHOTO i3 KAalPOHOBOTO TEKCTYPOBAHOTO
JUKTYTOBOTO BOJIOKHA, JIUTST IMMOO1TI3allii Ha HbOMY MIKpPOOpPTaHi3MiB-IeCTpYKTOPiB [25].

3aMiHa BUIBHO KYJIbTHMBOBAaHHUX KIITHH Ha 1IMMOOUII30BaHI 1M030aBiisie BUPOOHHUIITBO
HEOOXiHOCTI PEryJIIPHOTO HApOIyBaHHS OiomacH [26].

VY CBITOBIll mNpakTHLi IIUPOKO BHUKOPUCTOBYETHCS MIKPOOIONIOTiYHMKA CHOCIO OUYHMILEHHS
ITPYHTOBOTO TOKPUBY BiJ HadTOMpoAyKTiB abo Oiopememiariis. MeTomu i3 BHKOPHCTaHHSIM
0l0JIOTIYHOTO OYHINCHHS € HAWOUThIT MAZHUMH 10 TPHPOTHOTO CEPEIOBHINA Ta
HAWBUTIIHIIINMY, SKIIO OpaTH A0 yBard €KOJOTiYHHMU Ta eKOHOMiuHWil acmekTu. llpu aepamii
IPYHTOBOT'O TIOKPUBY 3a0€3MEUYETHCS CTHUMYJIISIIS KUTTEASUIBHOCTI MIKPOOPTaHi3MiB, 31aTHUX
JI0 PO3KJIaJaHHs BYTJIEBOIHIB 10 IPOCTUX CHONYK, Takux sik CO2, H2O, N», ogHak BHEceHHS y
IPYHT OioreHiB € HeoOXiaHOIO yMoBom [17, 27, 28].

VY 1993-1996 pp., 6a3yrouncs Ha MO3UTHBHOMY Ta HETATHBHOMY CBITOBOMY JIOCBii 00poThOH 13
3a0pyIHEHHSIM Ha(TOMPOIyKTaMH, 3a OCHOBY CTBOPIOBAaHOi HOBOI KOMIUIEKCHOI TEXHOJIOTIi
B3sUTM BUKOPHCTAHHS Cy4YacHOI Tpymu mpemnapariB — OiocopOeHtiB [28, 29], mo MawTh sK
abcopOuiiiHy 1 (i3UKO-XIMIUHY aKTHBHICTh y BiJIHOIICHHI Ha(TOMPOAYKTIB, TaKk i OioyMorivHy.
Hogi 6iocopOentu noOyaoBaHi Ha OCHOBI aOCOPOLIHOro0 Marepianty, OTPUMAHOTO 3 IPUPOIHUX
ATFOMOCHITIKATIB (TEepJiT, BEPMHUKYIIT, LEOJIT), iIMMOOLTI30BAaHUX MPHUPOTHUMHU OaKTepisiMHy,
3MaTHUMH 3pyHHYBaTH HadTOompomykTH, 3i0paHi TmpemaparoM, y IIAPOKOMY Jialla3oHi
Temreparyp. HadrompoaykTi po3kiajgaroTbesi 10 KIHIEBHX CTaJiid, KOJIW B HABKOJIUIIHHOMY
CEpPEIOBHILI 3aIMIIAIOTHCS JIMIIE MPOAYKTH 11 pO3KIay: BYIJIEKUCIUN Ta3, Boaa, a Takox 10-
15% exomnoriuHo iHepTHUX acaJbTEHIB Ta IHIIMX KOMIIOHEHTIB. Ac(albTeHH TaKOX
MiAnaoThes 0101eCTPYKLIT 3a KijbKa MICSLIB 3aJIe)KHO BiJ TeMneparypu. Y IpUPOAHUX YMOBax
0e3 3acTocyBaHHS 010COPOEHTIB 1€ MPOIIEC pealli3yeThCs BIPOIOBXK KITbKOX pokiB [28, 30].

biompenapatn Ha OCHOBI MmTaMiB Ha(pTOOKHUCIIOIOYHAX MIKPOOPTaHI3MIB IMOMAUISIOTHECS HA MBI
ocHOBHI rpymnu [31]:

— OlompemnapaTi Ha OCHOBI MOHOKYJIbTYPH;

— OiomperapaTh, 10 CKJIaay SIKHX BXOATH KiJIbKA IITaMiB MiKpOOPTaHi3MiB.

MoHnoOakTepianbHi Tpernapatd XapaKTepU3YIOThCS OUTBII BY3BKOK CHENHU(IYHICTIO 10
BIIHOIIEHHIO 70 IHAWBIMyadhbHUM BYTJIEBOIHSM; BY)KUHM iHTEepBaJIOM pH, onmTUMambHUM IS
aKTUBHOCTI MIKpPOOpPTraHi3MiB, a TaKOX IHTEPBAJIOM COJIOHOCTI, TeMIepaTypu BOAH Ta
KOHIICHTpAIlil BYTJICBOIHIB.

[ToniGakTepianpHi TpenapaTd MarOTh IMIUPII AJaNTaIlifiHI Ta EKOJIOTIYHI MOMJIMBOCTI IS
BUKOpHUCTaHHs [31].

J3epxkunceka 1.C., micns ompalfoBaHHS MarepiasiB i3 NMUTAHHS OYHMIIEHHS HAaBKOJMUIIHHOTO
cepenoBHUIa Bi HadhTOMPOAYKTIB, 3p00HIa BUCHOBOK, IO OUTBITICTh TEXHOJIOTIH MEXaHITHOTO
Ta (I3UKO-XIMIYHOTO OYMIIEHHSI BOJU Ta IPYHTY BiJ HAQTONPOIYKTIB, IO BUKOPHCTOBYIOTHCS
Ha TIPaKTHI, TPYIOMICTKi Ta TMOB’s3aHi 3 BarOMUMH MaTepialbHUMH BUTpaTaMu. Y 3B SI3KYy
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3 MM, B OCTaHHI POKH y 0araTtbox KpaiHax JI0 psily NMPiOPUTETHUX BiJHOCATH 0i0TEXHOJIOTIUHI
METOJIM JIKBIfaIlii 3a0pyHEHHS HABKAOJIHUIIHLOTO cepenoBuina. Cepel yCchoro pi3HOMAaHITTS
BiJIOMHX TEXHOJIOTI! OUYMIIIEHHS OCOOJIMBOTO 3HAYCHHS HAOYJIM MikpoOiooriuHi criocobu [18].

AHAJII3 OCHOBHHUX MIKPOOPI'AHIBMIB-IECTPYKTOPIB HA®TOIPOAYKTIB,
1O 3ACTOCOBYIOTBCs B BIOTEXHOJIOT'TI

VY GaraThoX MIKpOOPTaHi3MiB-JeCTPYKTOPIB BHUSBJICHI IJIa3Milu Jerpanaiii HadTONPOMYKTIB,
TOOTO 3JaTHICTh IO JACCTPYKIIi HAPTOBUX BYIVICEBOAHIB CBIMYUTH MPO IUIA3MITHY JIOKATi3aIli0
reHiB jgectpykuii. HasBHICTP KaTaOONITHUHUX IUIa3MiJ y IITaMax-IecTPYKTOpax BIUIMBAE Ha
POCTOBI XapaKTEPUCTUKH IITaMiB Ta 301IbLIYyE CTYIiHb Aerpafanii HagronpoaykTis [11].

I'pymoto nHaykoBiiB 3 Cankr-lIleTepOyprcpkoro Iep>KaBHOTO TEXHOJIOTIYHOTO IHCTHTYTY
3po0JeHo y3arajJbHEHHS MIKPOOPTaHi3MiB, IO BUKOPHUCTOBYIOTHCS B Oiompemnaparax, SKi
BUKOPHCTOBYIOTBCS  JUJIi  OYMILIEHHS OTOYYIOUOTO CEpPEOBHINA Bil HAPTONPOAYKTIB:
Pseudomonas putida, Rhodococcus spp., Alcaligencs sp., Jarrowia lipolytica, Acinetobacter
Valentis, Azotobacter vinelandii, Acinectobacter oleovorum, p. Candida, Pseudomonas
fluorescens, Mycobacterium flavescens [32-36].

Kyzuemnona A. E. oxapakTepusyBaiia HaiBiiomimri npenapati HaQTOAEKTPYKTOPIB, aHATI3YIOUN
Jiro4i MIKpoOIOJIOTIYHI KOMIIOHEHTH, TpPeAcTaBieHi Azotobacter vinelandii, Acinectobacter
oleovorum, p. Candida, Pseudomonas sp., Acinectobacter sp., Mycobacterium, Rhodococcus sp.,
Bacillus, Arthrobacter, Pseudomonas putida, Rhodococcus spp., Alcaligencs sp., Jarrowia
lipolytica, Acinetobacter valentis [37].

BigmoBigro mo omybmikoBaHux MarepiamiB KypakoBa A. B. Ta iHmmX cepenl BHAUICHHX i3
BOJIHOT'O CEpEJIOBUINA, 3a0pYyAHEHOr0 HA(QTONPOAYKTaMHU, KYIbTyp Oy NMpeNCTaBHUKU BHIIB
Gordona terrae UKBC 19, Rhodococcus rubropertinctus 1KBC 17, Pseudomonas sp. IKBC
2161, Pseudomonas putida IKBC 2162, Pseudomonas putida IKBC 2163, ski 3a gaHuMu
niteparypu [38-40] OepyThb yyacTs y po3kiaganti HadTu i HadTonpoaykTis [41].

KonextnBom HaykoBiiB [42] i3 menshoBux Box IliBHiuHOTO Kacmis y 2003 pomi BumineHo
OakTepiadbHHN ITaM, iCHTU(PIKOBAHWUI HAa OCHOBI (DUIOTEHHTUYHOTO aHAMi3y B IHCTHTYTI
MmikpoOiosiorii PAH sk Phyllobacterium myrcinacearum. JlabopaTopHi eKCIIEpUMEHTaIbHI
JIOCTIJDKEHHS TIOKa3aJId, 1110 TIPH 3aCTOCYBaHHI Oiomacu mramy Phyllobacterium myrcinacearum
SIK IECTPYKTOpa HATOBHUX BYTJICBOIHIB in Vitro, eeKTUBHICTH OYUIICHHS BOIHOTO CEPEIOBUINA
Bi HaQTOompoAyKTiB Bignosimana 54,5-96,0 % [43, 44]. BugineHo mram i3 COIIOHHX BOJI, SIKHIA
Ma€ BUCOKY JICCTPYKTUBHY aKTHBHICTh TI0 BITHOIICHHIO 10 HA()TOBUX BYTJICBOIHIB [45].

ITononscekum B. I1., bukosoto A. A., llleBuenko M. 0. Ta I'puaneBoro €. B. 6yna BcTaHOBICHA
3IaTHICTh WTaMIiB poay Acinetobacter: A. calcoacericus 134 (B-3780), ACKS (B-2838) Tta
Acinetobacter sp. (B-5064), mo nmectpykuii cupoi HadTH, HAPTONPOAYKTIB i OKpEMHUX
ByrieBoHiB. OOpaHi mraMu e(heKTUBHO OKHCIIOBAIM apOMAaTU4HI Ta HEIHKIIYHI BYTJIEBOIHI,
0 BXOMATH M0 ckiany HadTu. JoBeneHo, mo crymiab aerpagamii cupoi Hadgt Bpomosx 40
ni6 y maboparopHoMy pociimpkeHHi cTtaHOBUTH 40-73%. Ilpw mOCTaHOBIN E€KCIEPUMEHTY Y
BEreTaliiHOMY JOCHiJI JACCTPYKIis HAapTONPOMYyKTiB cTaHOBUTH Big 40 1o 60%. 3rigHo i3
OTPUMaHUMH JaHUMH, MOXKJIMBE BUKOPUCTAaHHS BUKOPUCTAHUX IUTaMiB Acinetobacter sp. Iis
PEKOHCTPYKUIi I'PYHTIB, 3a0pyAHEeHNX Ha(TONpOAyKTiB [46].

Kopmryrosoro T. FO. ta JlorinoBum O. H. O6ymno mposeneHo poOOTy MO0 BUAIIEHHS i3 Ciporo
JCOBOTO TPYHTY, 3a0pYyAHEHOTO0 NIHU3CIBbHUM TAJIMBOM, KOHCOPIIIYyMY, IO CKJIATa€ThCI 3
MikpoopraHi3MmiB Acinetobacter sp. 1b IT-5.1/1 ta Ochrobactrum sp. 1b IT-5.3/2. 3a 90 ni6
BMICT Ha(TONPOAYKTIB y [OCHIUKyBaHOMY cyOcTtpari 3meHmmBcs Ha 4,99-8,64%,
a B KOHTpoJIbHIH mpoOi meit mokasHuk ctaHoButh 0,39%. Ha npinsgakax, oOpobiennx
KOHCOPIIIyMOM, YHCENBHICTh TeTepOTpOdiB 30UTbIIMIACE Y 2-4 pa3d, a BYTIIEBOJIHOOKHCHUX
Oakrepiit — y 1-2 pasu. Y KOHTPOJBHIN mpoOi 3a 4ac eKCIIEpUMEHTY KOHIIEHTpamis OioMacu
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rerepoTpoHUX Ta BYTJICBOAHOOKHCHHX MIKPOOPTaHi3MIB MPAaKTUYHO HE 3MiHHIIACS.
Koncopiiym MikpoopraHiamiB, o 0yio OTpUMaHO ITiJ] 4ac AOCIiIKEHHS, Y TTOAATBIIOMY MOXE
OyTH BUKOPHCTaHHH SIK OCHOBa OiompenapaTy Uil OYMIICHHS HAaBKOJIWIIHBOTO CEPeOBUINA BiJ
HadTONpOAYKTiB [47].

ByrneBonHEOKHCHIOIOYY aKTHBHICTH MPOSBISIOTH MPEJICTABHUKN aKTHHOMIIIETIB, MIKPOMIIIETIB
Ta npikmKiB. Cepen aKTHHOMIIIETIB OCOOIMBY yBary ImpuBepTacE YUCETbLHUN pin Streptomyces.
Bupineni rpubu — AecTpyKTOpW BYIJIEBOAHIB Hamexarth 10 27 pogiB (p. Trichoderma,
Mortierella, Aspergillus, Penicillium Ta in.). Cepeni A€CTPYKTOPIB IPYHTOBOTO MOXOJKCHHSI, 110
Hanexats 10 31 pony, € npencraBuuku pony Candida (C. lipolitica, C. guillirmondii), 3nathi
TpaHc(opMyBaTH BYTIIEBOHI K B aepOOHUX, TaK i aHaepoOHUX ymoBax [48].

BUCOKOAKTUBHI BIOIIPEITAPATH, OCHOBOIO SIKUX
€ MIKPOOPTAHIBMU-HA®TOAECTPYKTOPHU

B Incrutyti 6ionorii YHL PAH BuBeneHo HOBMII KOHCOpLiyM Ha(TOOKHCHIOIOUMX OaKTepii
Bacillus brevis Ta Artrobacter species, 10 CTAHOBUTH OCHOBY OiolpernapaTy-HadronecTpykropa
«Jlenoitm». Bxazanuii Oiompenapar yCHIIIHO 3aCTOCOBYETHCS Ul OYMILIECHHS 3a0pyAHEHHX
IpyHTIB [42].

VYcneHncekuit Ta iHIN y CBOTH Mpaii ak[eHTyBaJld yBary Ha TOMY, IO TEPIIUM E€TaroM
po3KianaHHs Ha(TOMPOMYKTIB Yy TPUPOJHOMY CEpPEHOBHUIIN € (i3HMKO-XIMIYHE PO3KIaJaHHS,
Jerasaiis, BUHeceHHs Ha(TH, yiabTpadioneroBa aecTpykuis. Ha npyromy erami nerpanaumis
HadTi B mporeci OiomecTpyKiii BKIIOYaE BXKE MECATKH MikpoopraHi3miB. [IpoBimHy ponib
BimirpatoTe TniceBmomMoHanu (p. Pseudomonas), wmikobaktepii (p. Bacillus), a Takox ponau
Candida, Aspergillus Ta iH. TpeTiii eTan BimmoBimae cramii aerpanmamii HoJiapeHiB 3a ydacTi
pi3HUX TpyM MikpoopraHi3MmiB. KiHIleBi MpoaAyKTH, 10 YTBOPIOIOTHCS MPH PO3KIIaJaHHI HadhTH, —
OKCHKEPHTH Ta TYMiHOKepUTH [49].

Kobuzesa H.B. ta inmi y cBoili poOoTi BHKOpHCTOBYBanM Oiompenapar «JleHoin» Ha
ajcopOeHTax, M0 HEe TMPHU3BOAWIO 1O 3MIHM BHIOBOTO CKI3Ay KOHCOpIiyMa OakTepii
Bacillus brevis, Artrobacter species 1bJIT5, xapakrepHoro st 6iompenapary BiIIIOBITHO O
TV 9291-016-22657427-2002. IlpoaHaizyBaBIlK Pe3yIbTaTH JOCIIIKEHHS OYHUIICHHS CTIYHUX
BOA Yy ¢epMeHTepi 3 MikpoopraHizmMamu Oiompemnapary «JIeHoWa», iMMOOIIO30BaHUMHU Ha
KepaM3HTi, BCTAHOBWJIM, IO CTYMiHb OilofecTpykuii 3a0pyIHIOIOYMX pEYOBHH, a CcaMe:
BYTJIEBOJHI Ta iXHIX TOXiAHI, 32 Yac eKCHepUMEHTY BHpPOAOBX 3-4 ni6 cranoBuB 95,4 mac.%.
[Mokasauk XCK cTiuHEX BOX y pe3ydbTaTi OYHMIIEHHSA 3MeHIHMBCA Binm 4523.8 mr/am® 1o
2497,4 mr/am>, mo ctaHOBHUTH 44,8 % Bix BUXigHOTO MoKa3HUKa [50, 51].

Cryninp OilogecTpykimii BYIJICBOAHIB Ta iXHIX NOXITHUX MiKpoopraHizmMamu OiompernapaTy
«JleHotiny, iMMOOLITI30BaHUMH Ha CUHTEIIOHI BIIPOJOBK 3 110, craHoBHB 99,3 Mac.%. [loka3Huk
XCK criyHEX BOJ y IIbOMY JOCHIJKEHHI 3MeHImBCS Ha 61,7 %, MOPIBHAHO i3 BUXiTHUMHU
nmaauMu [50].

Crymiap 6iogecTpykmii BYTJIEBOAHIB Ta iXHIX MOXITHUX MIKpoopraHi3MaMu Oiompemnapary
«JleHoitm», iMMOOLTI30BAaHMMHM Ha AaKTUBOBAHOMY BYTULI BIPOAOBXK 3 Ai0, CTaHOBUB
99,8 mac.%. Ilokasnuk XCK cTiuHUX BOjA Yy HBbOMY JOCHIJKEHHI 3MeHImUBCA Ha 79,0 %,
MTOPIBHSIHO 13 BUXimHUMU nanumu [50].

UncenpHICTH KOHCOPIIIYMY MiKpoopraHi3MmiB Bacillus brevis, Artrobacter species y CTiUHUX
BOJIaX Ha 3aBEpIIANLHOMY €Talli eKCIIEpUMEHTY BifnoBifae nokasHuky 107 KOE/m.

BuKOpPUCTOBYIOUH B JIOCIIIKCHHI JIOKATBHOI'O OYHUIICHHS CTIYHMX BOJ Oaktepil Serratia species
IB3-1, iMMO0O0iNTi30BaHi Ha HOCISIX PI3HOTO MOXOJKCHHS, JOBEIACHO MOXMIJIHMBICTH YIIPOJIOBK
KOPOTKOTO TMepioy JOCATTH BHCOKOTO cCTymeHs Oiogectpykmii  (96,1-99,3  mac.%)
3a0pYyIHIOIOYMX PEYOBHH — BYIJIEBOJHIB Ta IXHIX MOXiMHUX. YHCENBHICTh MIKPOOPTaHi3MIB Y
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CTIYHMX BOJAaxX Ha 3aBEepIIATBGHOMY e€Tall eKCIepUMEHTY  BIJNOBia€  MOKa3HUKY
105-10" KOE/mn [52].

Ha nymxy Amngpeesoil. C., ans BigHOBJIEGHHS 3a0pygHEHUX Ha(TONMPOAYKTAMH MOPCHKUX
aKkBaTopil HalieeKTUBHIIIMMU € Oiompernapard Ha OCHOBI HPUPOJHHUX BYTJIEBOJHOOKHCHUX
MIKpOOpTaHi3MiB, M0 OyiM BUAIEHI B KOHKPETHIH KIIMAaTUYHIA 30HI, OCKUTBKH aJOXTOHHA
MiKpo0iOTa, 1110 BHOCUTBCS Y BUIJIAAI OiompernapariB, MOKe MPUTHIYyBaTH aOOpPUTeHHI MiKpOOHI
nomyssii [53].

Kynukosa I. FO. BBakae, mo mepeBarn 3acTOCYBaHHsS MPUPOAHUX MIKpPOOPraHi3MiB Ta iXHIX
YIrPpYHOBaHb IOB’sI3aHi 13 IXHBOIO CTIHKICTIO 10 BIUIMBY O10THYHHX (haKTOPiB, aAANTOBAHICTIO N0
YMOB CEpe/IOBHIIA, Ji¢ 0e3MocepeTHbO BUKOPUCTOBYIOTECS. Y CBOEMY IOCIHI/DKEHHI OUMIIEHHS
MOPCHKO1 BOJH Bil HAQTOBUX BYTJICBOJHIB, Y TOMY YHCII MONINUKITIYHAX apOMATHIHHUX, BOHA
BUKOpHUCTOBYBana Oiompenapat «Phyloily Ha ocHoBi mramy Phyllobacterium myrsinacearum
DKS-1, BuaineHoro B pe3yabTaTi MpoBeAeHHS MiKpOOiOIOTiYHUX MOHITOPHHIOBUX AOCIiIKEHb
menbdoBux Box IliBHiunoro Kacmito B paiioni BuaoOyTKy ByrieBoaHeBoi cupoBunHm [54]. Ilix
Yac TIOMBOBOTO JIOCHI/PKEHHS Oyllo BCTAaHOBIEHO, IO NpPW BUKOPUCTaHHI Oiompemapary
JIKBIZIOBAaHO CyMapHMX Ha(TOBUX BYIJIEBOAHIB npuOmu3Ho 84%, mo Ha 50% mnepesuinye
AQHAJOTIYHNX TIOKA3HWK TIOPIBHSHO 3 KOHTPOJIEM, i€ CIIOCTEPIraBcs IPOIEC MPHUPOITHBOTO
CaMOOYHIIICHHSI BOJHOTO cepeioBHUIIe Oe3 BHECEHHS OyIb-SIKUX PEYOBHUH.

IncturyTom mikpoGiosorii i Bipyconorii HAH Ykpaian croinsno 3 Y/ exomnorii HadTu 1 rasy
PpO3po0IIeHO 1 BIPOBAKEHO Yy BUPOOHMLTBO OakrepianbHuil npenapar «JECHA» — copOenrt-
JECTPYKTOP BYIJICBOJHIB, SIKMH MOYKE BHKOPHUCTOBYBATHCS JUIA OYMILNEHHS IPYHTY i BOIH,
3a0pynaeHnx HadToro 1 HadTompoxaykramu. [Ipemapar «/IECHA» Bimpi3HSIETHCS Bil aHAJIOTIB
THM, 110 K O10JIOTIYHUI areHT 3aCTOCOBAaHO CIIOPOBY Oaktepito Bacillus megaterium IMB B-
7003. Lle mo3BoIsie MPOBOAUTH O0OpPOOKY 3a0pyAHEHUX 30H Y Oyab-IKHi ce30H poky. IIpemapar
«JIECHA» e(peKTHBHO JeCTpyKy€e BYIJIeBOAHI Ha(TH B Jiana3oHi Temreparyp Bix +4 1o +40 °C.
[Mpenapar mpoHIIoB MPOMUCIOBI BUIIPOOYBaHHS 1 YCIIIIIHO 3aCTOCOBYETHCS HA MiANPUEMCTBAX,
a TaKOX 711 OYHIIICHHS TIOBEPXHEBUX 3JTMBOBUX BOJ Ha CTaHITIAX ouuIIeHHs B M. Kuesi [55].

CrenianicraMmu koMmnasii «Poctexunpopm» po3po0sieHO Ta BIPOBAHKEHO B TEXHOJOTTUHHIA
nporiec Oionpemnapar HaQpTOASCTPYKINi «PycTeko», aKTHBHOIO CKJIaJIOBOIO SIKOTO € MPOyKTHBHI
HenaToreHHi mramu Bacillus subtilis 115-10 ta Pseudomonas sp. 210-7. bionpenapat BoJoie
IIUPOKAM CIEKTPOM OKHCITIOBAIBHOI AKTUBHOCTI, JAECTPYKTYE n-mapadiHd pPi3HOMaHITHUX
(hpaxuiii, qu3enbpHe MannBo, HaTy, Ma3yT, MacThia, OPTaHIYHY YaCTHHY HaTOIIaMiB, 3aTeH
JIO POCTY B IIIMPOKOMY Jiarma3oHi remmeparyp i pH cepemosuma [56].

[Ipu 3acrocyBanHi Oionpenapary «Pycreko» crymiHb 0ionoriyHoi AecTpykmii Hadrouuiamy
yepe3 72 TOAWHU CTAaHOBUTH A0 95% st mapadiuis, 97% — s mu3enbHOTro nanua, 95% — s
HadTonponykriB. CTymiHp AecTpyKuii HaTOBHX BYTJIICBOAHIB 3a OAWH BEreTalliiHUNA mepion
cTaHoBUTH 85% [57].

IlepcriekKTHBH TOAIBIIOTO JOCIIMKEHHS TIOJMATAIOTH Yy po3podIi MeToAiB 0i0JOTidHOTO
OUMILEHHS HABKOJMIIHBOIO  CEepelOBHINA BiJi HAPTONPOAYKTIB 13  BUKOPHCTaHHAM
MiKpOOpraHi3MiB 30Kkpema, o0paTu Gi0TEXHOJIOTiI0, 3aCHOBaHY Ha iMMoOimi3amii crienugiaHmx
BUJIB MIKpOOpPraHi3MiB Ha IUTYYHOMY BOJIOKHI, 3 METOIO I BHKOPHUCTaHHS AJSl BHpIIICHHS
NHUTaHHS 3a0pyIHEHHS BOJHOTO CEpeIOBHINA CTIYHUMH BOJAMH IPOMHCIOBOTO CEKTOPY
rOCIIOIapIOBaHHSI.

Y3AT'AJIHEHHS

OjHi€10 3 OCHOBHUX €KOJIOTTYHUX MPOOJIeM CYyd4acHOCTI € 3a0pyAHEHHS BYTJIEBOAHAMH Ta iXHIMU
MTOXiTHUMH HAaBKOJHUIIHBOTO CEPEIOBHINA B PE3yIbTaTi aHTPONOTEHHOI JisUTbHOCTI. OUHINEHHS
BOJHOTO CEpelOBUINA Bif HA(TOMPOMYKTIB TPOBOIUTHCS XIMIYHUMH, (DI3UIHUMU Ta
ENIEKTPOXIMIYHIMH  CIIOCOOaMH, TEXHOJOTIS SKUX TPYAOMICTKa, TMOTpedye BEIHKUX

Bichuk 3anopizbkozo nayionansnozo ynieepcumemy Nel, 2017



132

MaTepiaJbHUX BUTpAT Ta HE 3aBXKIM 3a0e3ledye BHCOKUI CTYNiHb OYMIIECHHS. YcCi OioyorivHi
CrocoOM O4YMINEHHS Biji BYIVICBOJAHIB 3aCHOBaHI Ha mimOopi crocoOy imMmoOimizarlii neBHOL
KyJIBTYPH MIKpOOPraHi3MiB, creniaiaizoBaHoi Ha JecTPyKIii BYTJIEBOIHIB.

[IpoanamizyBaBmii  JiTepaTypHi JaHi MO0 OYMINEHHS BOJHOTO CEPENOBHUINA  Bij
HaTOMPOAYKTIB, 0Opaiy HaWOULIBII MEepCHeKTHBHHUMA, HAa HAIl TOTIIAN, crocid OiojoridyHoro
OYHINEHHS CTIYHHUX BOX. BWKOpWCTaHHS HOCIT 3 YIBTPATOHKOTO XIMIYHOTO TJIATKOTO U
TEKCTYPOBAHOTO BOJIOKHA, 110 3a0e3rneuye Oe3moraHHui MacoOOMiH 1 BIIMIHHY NEpMaHEHTHY
pereHepamiro HOCis, Ha SKOMY pO3BHBAEThCS OIOIUTIBKA MIKPOOPraHi3MiB-IEeCTPYKTOPIB,
JO3BOJIUTh JOCATTH HalOinbmoi e(eKTHBHOCTI BiJl 3acTOCYBaHHs OiOJIOTIYHOrO CHOCO0Y
OYMIIECHHS CTIYHUX BOJ.

OO6pany MeTOmMKy iMMOOLTi3amii MIKpOOPTaHi3MiB 3alpoBaPKEHO B HAIIl JAOCTIIKCHHS
OUMIIICHHS CTIYHMX BOJ BiJ] B&XKHUX METaliB Ta HA(TOMPOJKTIB Ha IMPOMHUCIIOBIH BOIOMMI
BEJIMKOTO MTPOMHUCIIOBIO MIAMPUEMCTBA M. 3aIIOPi KK
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