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MOKPALLEHHA CAHITAPHOIO CTAHY I"PyH'[IB HACEJIEHUX MICLb I3
3ACTOCYBAHHSIM METOAY BIOPEMEAIALII"

Kynaeix O.0.
03 «HinponeTpoBcbka MegnyHa akagemia MO3 YkpaiHuy», M. [JHinponeTpoBcbk

Lenb nccnenosanmi, OueHKka B /1a60paTOPHOM SKCIIEPUMEHTE U HATYPHBIX YC/I0BUSX 3QGEKTUBHOCTH PasHbIX TUMOB
6MonpenapaToB A1 OYUCTKU NOYBbI, 3arps3HEHHoV HegTenpoaykTamu (HIM). Matepuaribl n METOAbI UCCeAoBaHWA. [s
JOCTVYKEHUS TOCTaB/IEHHOV 3a4a4u SKCIIEPUMEHT MPOBOANIN B 1a60PaTOPHBIX M HATYPHBIX YCII0BUSIX C UCIO/Ib30BaHNEM
ABYX pasHbIX TUIMOB 6uorpenapaTos — B Buae TBepaov cmecu (NO 1) u B Buae BoAHoro pactsopa A5 opowenms (N° 2).
B HaTypHOM 3KCriepuMeHTE AECTPYKTUBHYIO aKTUBHOCTb Mpenapata u3yyYasan Ha MpPOMbILLIEHHbIX M/IOUaAKaxX CU/I0BbIX
3/IEKTPONOACTaRUMA B . [JHErponeTPoOBCK, KOTOPbIE ObliN 3arpsi3HeHb! TPaHcGopmaTopHbiM Maciom (TM). B nabopa-
TOPHOM 3KCMIEPUMEHTE UCIIO/b30BasIN 3 BapHaHTa 3arpsa3HeHUs NMoYsbl An3€/IbHbIM TormBoM ([T) ¢ AobasneHnem pas-
HbIX KOHLEHTpaLmi copbeHTa. Pe3y/ibTaTel MCCIIEA0BaHMA. B nipoLecce npoBeAeHUs NCC/IEA0BaHUY YCTaHOB/IEHO, YTO Ha
MI0LYEAKaX CWIOBbIX S/IEKTPONOACTaHUMI coaepkanme TM Bo Bcex nccrienyembix obpasiax, 0To6paHHbIX C MOBEPXHO-
CcTHbIX (0-30 cM) n 6osree rybokux (30-60 cM) CI0€B 04YBbI 3HAYUTE/ILHO YMEHBLUM/CA M cocTas/isi 895,52-
3988,03mr/Kr, B CpaBHEHUN C pe3y/ibTatammu aHamsa rpob ocenmn 2015 roga 10 978,04-94 mr/Kkr coOTBETCTBEHHO. B
npoyecce rpoBeAeHs 1abopaTopHOro IKCNEPUMEHTA YCTaHOB/IEHO, HTO YEM O0/IbLIE KOHLEHTpaUms copbeHTa TeM 3¢-
hexTuBHEE ero AeCTpyKTUBHAas aKTUBHOCTbL B PE3Y/IbTaTe KOTOPOH Ha 60 CyTKM IKCNEPUMEHTA OCTaTOYHAS! KOHLEHTPa-
ymns AT cocrasnana 11,66-53,29 % oT ncxoaHoH. BbiBO4. Y4NTbIBASI 3aKOHOMEPHOCTU IMPOLIECCOB QMIbTPaLMN KUAKO-
CTU B 10YBax, MPUMEHEHNE BUONMPENapaToB B XUAKON (opme SB/ISETCA Le/1eco00pasHbIM Mpy 3arpPsI3HEHNN MOBEPXHO-
CTHbIX cr1oes (0-30 cm) npu HeBbicokux — 4o 12 000 Mr/kr, koHyeHTpaumsx HI. [py 3HauynTenbHbIX KoamdectBax HI (4o
94,7 r/Kr) m 3arpsisHeHHbIX 60s1e€e r7ly60Kux C/I0EB r04BbI Hanbosiee 3PEKTUBHBIM SBISETCA MPUMEHEHNE AECTPYKTO-
poB Ha TBepAov MatpuLe. BHecenne buoriperiapatoB N2 1 u N9 2 B 3arps3HEHHYHO MOYBY B SKCosuLmm 2-9 mecsues
obecriednBaeT ero oymniyeHme ¢ 3dekTuBHOCTLIO oT 95,8 [0 46,3 %.

KnioueBble crioBa: Nno4sa, AW3ernbHOE TONNMUBO, TpaHcopMaTopHOE Macho, GropeMeamaums.

AKTyanbHicTb HUM npouiecoM [6]. 'PyHTV Mg BNNMBOM 3aBpyaHEHHs!
HadTONPOAYKTaMK BiQHOBIIOIOTLCA HabaraTto riplle, Hix
BOAHE i MOBITPsIHE cepedoBULLIE, OCKINbKM BOHW 3AaTHi
akymyrnioBaTh | 3aKpinnoBaTU TOKCWYHI peyvoBuHW [7].
HocnigpkeHo, Wwo npupogHa TpaHcdopMmalisa HadTonpo-
OYKTIiB y I'PYHTI B pe3ynbTaTi aBapinHuxX BUNUBIB, JOBOM
TpvBana y yaci i ctaHoBuTb 45 i BinbLue pokis [8].

Ha cborogHilWHin AeHb iCHye Aekinbka MeTOAiB o4u-
LLeHHs I'pyHTY 3abpyaHeHoro Hadtoto Ta HI, a came:
MexaHiuHi, i3nyHi, ximiuni, GionoriyHi Ta KOMNNeKcHi me-
Toam [9, 10]. 3 HMX HanBinNbLL NepcnekTUBHUM € Gionoriy-
HUIM METOA, CYTb SIKOrO Monsrae y 3actoCyBaHHi MiKpoop-
raHiamiB-4ecTpyKTopiB (HadTooKUCHoBanbHUX GakTepii).
BrKoOprCTOBYIOTbCA TakoX MOBEPXHEBO-aKTUBHI PeYOBU-
HW MikpoBHoro noxomxeHHs (6iolMAP, 6iocypdakTaHTn) —
NpoaykT! CUHTE3y HadTOOKUCHIOBaNbHUX BakTepii, me-
XaHi3Mm il sikmx nonsirae B gecopbuii Ta contobinisauii
BYIMEBOAHIB, @ TaKOX — Y CTUMYNSALii akTMBHOCTI AeCTpy-
ktopiB Hadt [11]. EdpektnBHicTE GionoriyHoro metogy
pemepiauii rpyHTIB 3anexuTb Big 6aratbox YMHHUKIB —
CTYMNEHI0 BUXIZHOro 3abpyaHEHHs I'pyHTY, Tuny GakTepiii-
OecTpyKTopiB, cnocoby ix BHECEHHsl, Yacy ekcnosuuii,

3a ocTaHHE AecATUNITTA HadTa Ta HadTONPOAYKTU
(HIM) nopsag 3 nectuuugamun ctanu OAHMMM 3 HaWMNoLUK-
peHilumx 3abpyaHioBadiB JoBkinns. Bpaxosywoun gyxe
CTPIMKMIA PO3BUTOK NMPOMWCIIOBOCTI, 30iNbLUEHHSI TpaHC-
NMOPTHOrO HaBaHTAXEHHS, CBITOBUWA BUOOOYTOK HadTu
KOXXHOTO POKY B CepeAHbOMY 3pocTae Mamke Ha 2 %. Pa-
30M 3 UMM B npoLeci BuaobyBaHHs, TPaHCNOPTYBaHHSA Ta
36epiraHHa HI, Benuvka KinbkicTb iX NOTpanmnsie y HaBKo-
nuwHe cepegosuwe [1, 2].

Mawxe 50 % HadTh Ta HI Big ycix BTpaT notpannae
y r'pyHT. 3abpyaHeHHs HI rpyHTiB BNNMBaEe Ha BCi ckna-
[OOBi eKoCUCTEMW: I'PYHTOBY MIKPOIiopy, POCINHHWIA Ta
TBapuHHui cBiT [3]. HadTa Ta HIN Hag3BuyanHo Baxko
nigaalTbes GioNoriYHOMY OKUCHEHHIO B I'DYHTOBOMY Ce-
peposuwi [4]. Baxnueo, WO B Cy4acHUX MicTax ue € go-
0aTKOBMM (haKkTOpOM Aerpagauii HECTIMKUX LUTYYHUX eKo-
cucTem Ta 36iNbLUEHHS PU3MKIB BUHWKHEHHST €KOMOriYHO
3YMOBIEHNX 3aXBOPIOBaHb cepef HaceneHHs [5].

MpupoaHe BiAHOBMEHHS I'PYHTOBUX eKOCUCTEM, 3a-
6pyaHeHux HadToo Ta HIM, € gosroTpuBanum i cknag-

’ LumysarHsi npu amecmauii kadpig: KynaeiH O.0. lNokpaweHHs1 caHimapHO20 cmaHy IpyHMmMi8 HaceseHUxX Micub i3 3acmocy8aHHsIM Memooy
biopemediauii // MNMpobnemu exonoeii i meduyuHu. — 2016. — T. 20, Ne 1-2. — C. 20-22.

20



IIpoGAEeMH €KOAOTrii Ta MEAHIIUHH

30BHIiLLHIX KniMaTuyHuX cpakTopiB Towo. Omke, Aochni-
[PKEHHS ONTUMAanbHMX YMOB 3aCTOCyBaHHs1 BionoridHmx
MeTOZIB oumLLeHHs r'pyHTiB Big HIM B HaTypHuX i ekcne-
PUMEHTaNbHMX yMOBax € akTyallbHUM  eKosloro-
ririeHiYHMM 3aBOaHHAM.

MeTa gocnimxeHb

OujHka B nabopaTopHOMY EKCMIEPUMEHTI Ta HaTypHUX
ymoBax edeKTMBHOCTI pi3HUX TuniB Gionpenapartis Ans
OYMLLIEHHS I'PYHTY, 3abpyaHeHoro HIT.

MaTepianu Ta MeToau AOC/iAKEHD

[na pocsarHeHHs NOCTaBNEHOI METM EeKCNEePUMEHT
npoBoaunu B nabopaTopHNX Ta HaTypHMX YyMOBaXx i3 3a-
CTOCYBaHHsIM [IBOX Pi3HMX TuNiB GionpenapartiB — y Bu-
rnagi TBepaoi cymiwi (Ne 1) Ta y Burnsgi BOOHOro po3ym-
Hy Ang 3powysaHHs (Ne 2).

B HaTypHOMY eKkcrnepvMeHTi BWKOpUCTOBYBamnu npe-
napat Ne 1, skvin Bknoyae immobinisoBaHi Ha HadbTomnor-
nHanbHoMy copbeHTi (noapibHeHe aepeBHe Byrinns,
dpakuia 1-5 MM) aKTMBHI LWUITaMy BYrneBOAHEOKUCIOBa-
NbHUX akTUHoDakTepin, wo Hanexatb Ao Buaie Dietzia
maris, Gordonia rubripertincta, Rhodococcus
erythropolis. [ecTpykTvBHY akTUBHICTb MpenapaTty BuW-
BYanu Ha NPOMUCMOBMX MangaHymMKax CUNOBUX eneKkTpo-
niacTaHuii y M. [JHiNnponeTpoBCbKy, siki Gynu 3abpyn-
HEeHHi TpaHcdopmaTtopHo onusot (TO) B pesynbTaTi
3nMBanbHO-HanNMBanbHUX onepadini Ta BuToky TO yepes
LINApWHN Y MiCLAX 3'€QHAHHSA OKpeMUX YacTuH arperaris.
[lo BHeceHHs1 Bionpenapaty 6yno BigiopaHo 9 npob ans
BM3HAYeHHs1 KoHUeHTpauii HIM y 3abpygHeHux 3emnsx
npoMucroBmMx MamgaH4dvkie. B cepeauwHi BepecHs 2015
POKY PO3MoYaTo EKCEPUMEHT MO OYULLEHHIO 3abpyaHe-
Hoi ainsiHkn TO, B xoAi sikoro 6yno ckonaHo (CrnyLUEHo)
3abpyaHeHi ainsiHku Ha rony6uHy 40 cMm i 3BonoxeHo. B
npoueci ckonyBaHHsi Oyrno BHeceHO GionpenapaT Ne 1 B
po3paxyHky 2-4 kinorpamu Ha 1 M“. Yepes geB’aTb Mica-
uiB — y cepeauHi TpaeHsa 2016 poky, 6yno BigibpaHo no-
BTOPHO 9 Npob r'pyHTY ANs BCTAHOBMEHHS KOHLUEHTpauil
HIM. BusHayeHHa smicty HIM npoBogunu 3a 4onomoroto
MBB Ne 081/12-0116-03 [12].

Ins npoBeaeHHs NabopaTopHOro ekcnepuMeHTy Oy-
no obpaHo npenapat Ne 2, sikuii cTBOpeHO Ha 6asi aBi-
PYNEHTHUX HaMTOOKUCIIOIOYNX 6akTepin poay
Pseudomonas fluorescens. B xogi npoeegeHHs pocni-

[OXXKEHHS1 BUKOPUCTOBYBanu 3 BapiaHTV 3abpyaHeHHs rpy-
HTiB gu3enbHum nanueom (M) y kinbkoctax 6000, 12000
Ta 22000 mr/kr. KoxeH i3 BapiaHTiB OyB pO3MilLleHun y
OKPEMOMY SILLMKY, SKUWA, B CBOKO Yepry, pos3noginsanu Ha
4OTUPU KOMIpKM po3mipom 20*15*15 cm kyam 3acunanocs
no 3,0 kr rpyHTy. EkCnepumeHT NpoBOAMNN 3 BUKOPUC-
TaHHSIM YOPHO3EMY MaroryMOCHOro TUMOBOro, Bidibpa-
HOro y BigdaneHomy Micui Big aBTodopir Ta 6yab-sKux
Qxepen 3 BukopuctaHHam Hadptu Ta HIM. lMicna posnogai-
NeHHA y AWuKy 3abpyaHeHoro rpyHTy [N Ha komipku oa-
Hy 3anuwanu 6e3 goaaeaHHs npenaparty (KOHTPOrb), a B
iHWI BHOCWINW pigkvi npenapat 6akTepii-4ecTPyKTopiB Yy
kinbkocTi 30, 60 Ta 90 mn (10, 20, 30 mr/kr) 3 gogaBaH-
Ham 10 r Topdpy. Hagani rpyHT, npenapat Ta HadTonpo-
OYKTU We pa3 peTenbHO nepemillyBanu i 3BONOXyBanu
Ao 60 % BigHocHoT BonorocTi. KoHTponk BwmicTy HIT npo-
Boaunun Ha 1, 15, 30 Ta 60 noby 3a gonomoroto 3ragaHo-
ro BuLLEe MeToay.

CratuctmyHa obpobka MaTtepianis nposogunach 3
BUKOPUCTaHHSAM nakety nporpam Microsoft Excel 2010 ta
STATISTICA v.6.1®.

Pe3ynbTaTy Ta iXx 06roBOpeHHs

B xopi npoBeaeHHs gocnigpkeHb BCTAHOBMNEHO, L0 Ha
MangaHumkax CuroBuX enekTponiactaHuii emict TO vy
BCiX AOCNIMKEHNX 3paskax, BigibpaHux 3 MOoBEpXHEBUX
(0-30 cm) Ta 6inbw rnmnbokmx (30-60 cm) wwapiB rpyHTY
3HAYHO 3MEHLLMBCS Y NOPIBHSHHI 3 pesynbTaTtamu aHarni-
3y npob BoceHn 2015 poky. Tak, HaBecHi 2016 poky KOH-
ueHTpauis HIM y npobax Ne 1, 2, 3, 4, 5, 6, 7 Ta 8 cTtaHo-
Buna 1984,12 mr/kr; 895,52 mr/kr; 3984,06 mr/kr; 2994,01
mr/kr; 3988,03 wmr/kr; 2985,07 mr/kr; 1988,07 mr/kr Ta
996,01 mr/kr BignoBigHO, LIO B CBOK Yepry He nepesu-
LyBano 3anuwkosy Kinbkicte HI Big noyaTkoBOI KOHUE-
HTpaUii 6inbLw Hix Ha 16,6 % (Tabn. 1).

B xopi npoBegeHHs nabopaTOPHOro EKCNepUMEHTY
BCT@HOBJIEHO, L0 3 NepLoi No M'STHaguaTy noby BMicT
OM y Bcix gocnimkyBaHUX 3paskax 3HAYHO 3MEHLUMBCS i
cTaHoBMB He GinbLue 60 % Big BHeCeHOT Ha NovaTKy eKc-
NepuMeEHTY KOHUeHTpauii. Lle aBulie My nos’ssyemo 3
TUM, WO NneTka YactuHa [N npu noBepxHeBoMmy 3abpya-
HEHi I'PYHTY aKTMBHO BUMapOBYETLCH Y aTMocdepHe no-
BiTpS.

Tabnuuys 1

Huramika emicmy Hagbmonpodykmig y rpyHmi 8 HamypHOMY eKcriepumMeHmi.

FMBuH " IT(O:ueHTET?:mMr/Kr KoHueHTpauis 3anuiKoBa KinbKicTb
Ne npo6u Bin6o 2M aronpoAykTis, - HadTonpoaykTiB, Mr/kr (nicns Bifj N04YaTKOBOI
ADOPY; (mo nposeﬁ:;i':i:!y)pememaun npoBeAEeHHs peMegiauii I'pyHTy) KOHLeHTpauii, %
1 30-60 11 928,42 1984,12 16,6
2 30-60 10 978,04 895,52 8,1
3 30-60 94 715,85 3984,06 4,2
4 0-30 21 934,19 2994,01 13,6
5 0-30 83 000 3988,03 4,8
6 0-30 29 880,47 2985,07 9,9
7 0-30 33 932,13 1988,07 5,8
8 0-30 24 950,09 996,01 3,99
9 (cpoH) 0-30 4990,01 3980,09 79,6

Cnipg 3ayBaxuTy, Wwo Ha 60 goby npoBeaeHHs1 ekcre-
pumeHTy BMIiCT [N y BCiX KOHTPOMbHMX 3pa3kax KonvBas-
cqa B mexax 54,11-49,07 % Bia no4aTKkoBOI KOHLIEHTpaLlii.
HawBiguyTHiWMA edekT [ecTPyKTUBHOI Aii  copbeHTy
BCTaHOBIEHO NPV 3abpyaHeHi 'PyHTY HaWMEHLLOW 3 J0-
cnimKyBaHUX KoHueHTpadin M (6000 mr/kr), ae 3anuw-
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KOBi KinbkocTi HIN NOpiBHAHO 3 NOYaTKOBUMW CTaHOBUNU
31,64; 18,33 Ta 11,66 % npu KoHLEHTpaUisx copbeHTy
30, 60 Ta 90 mn BignoBiaHO. Takox cnig BiAMITUTY Bapi-
aHT 3 90 mn copbeHTy ae, BmicT AN 3mMeHwmBes ao 26,65
% BIOHOCHO MOYATKOBOI KOHLEHTpaLii npu 3abpygHeHi
I'pyHTY Y KinbkocTi 12000 mr/kr. Mpw BigHOCHO BinbLuomy



Tom 20, N 1-2 2016 .

3abpyaHeHi rpyHty M (22000 mr/kr) gectpykTMBHa Aist
copbeHTy Oyna meHWw edpekTuBHa i ctaHoBuna 50,87;

44,52 ta 36,79 % Big no4aTKOBOI KOHUEHTpaUii npu BMicC-
Ti copbeHTy 30, 60 Ta 90 mn BignoBigHo (Tabn. 2).

Tabnuuys 2
Huramika emicmy Hagpbmonpodykmig y rpyHmi € nabopamopHoMy ekcriepuMeHmi, me/Ke.
; [o6a 3anuwok,
Ne BapiaHtun ] 15 % 5 "
KoHTponb
! (6000) 5198,44 3598,92 3398,64 3098,76 51,64
2 ng ?ne; ' 4997,00 3399,32 2499,25 1898,48 31,64
3 ng?me:T 5099,49 2997,60 1898,48 1099,89 18,33
4 Cop6ent 4898,04 2899,42 1598,88 699,79 11,66
90 mn
KoHTponb
5 (12000) 10794,60 7395,56 6997,20 6494,15 54,11
6 ngﬁMe:T 10292,79 6896,55 5195,84 4497,30 37,47
7 oo 10995,60 7497,00 6695,98 6394,88 53,29
8 oo 10891,28 629811 4798,56 3198,40 26,65
KoHTponb
° (22000) 24992,50 12593,70 11392,02 10795,68 49,07
10 ngﬁme:T 20997,90 11289,83 11995,20 11193,28 50,87
" ngﬁme:T 22986,20 10994,50 10292,79 9795,10 4452
12 ngﬁMe:T 19984,01 10393,76 9392,48 8095,14 36,79
BUCHOBKM BacbknHa, B.C. Wanyruu // BicHuk KOMY. Bunyck 2.

1. JocnimKeHHs1 NpoLeCiB OYMLLEHHA I'PYHTY Big Had-
TOMPOAYKTIB B NaGopaTopHOMY eKCriepuMeHTi nokasanu,
WO Mpu BiAHOCHO HEBENUKMX iX Kinbkoctax (oo 12 000
MI/Kr) NepBMHHE OYMLEHHA BepxHix wapis 0-30 cm Ha
noyatkoBomy etani Ao 15 fi6 BigGyBaeTbCst 3HAYHO Mi-
poto 3a paxyHOK abopureHHoi Mikpodoriopy Ta npouecie
BMNapoByBaHHA neTkux dpakuin HIM i moxe caratn 50 %
Bifj No4aTKOBOI KOHLEHTpaUji. 3acTocyBaHHs pigkoro Gio-
npenapaTty (Ne 2) cnpuse iHiLitoBaHHIO NpoLeciB AecTpy-
Kuii HIM, 3anuwkoBa koHUEeHTpaList sikux Ha 60 goby ekc-
nepuMeHTy ctaHoButb 11,66-53,29 % Big nNo4aTKOBOI.
Kpally edeKkTMBHICTb Npu BCIX BUBYEHUX Adianas3oHax 3a-
O6pyaHeHHs nposiBnse Hawmbinbwa (30 mn/kr) gosa npe-
napaty. 3actocyBaHHsi GionpenapartiB B pigkin dopmi, 3
ornsagy Ha 3aKkOHOMIPHOCTI MpoueciB dinbTpauii piagnH y
r'pyHTax, € JouinbHuM 0o npu 3abpyaHerHi HIM nosepx-
Heswux wapis (0-30 cm).

2. Mpw 3abpyaHeHHi HIMT rmubwux wapis rpyHTty (30-
60 cm Ta 6inblue) HanbinbW edekTMBHUM € 3aCTOCyBaH-
HS1  MiKpOOpraHi3miB-4eCTpyKTOpiB, iMMOOBIiNi3oBaHNX Ha
HadTonornmMHansHoMy copbeHTi, Lo Aae 3mory «agpec-
HO» PO3MICTUTM NpenapaT Ha NOTPiOHIN rMUBKHI Ta BinbLu
TOYHO pO3paxyBaTW WMOro HeoOXiaHy kKinbkicTb. [ocni-
DXKEeHHS1 OecTpykTMBHOI Aii 6ionpenapaty Ne 1 y HaTyp-
HOMY €EKCNEepUMEHTI Mokasanu, WO BiH € eEeKTUBHUM
npu Ginblw 3Ha4HMX Kinbkoctax HIM (go 94,7 r/kr), a Kin-
ueBa KoHueHTpauis TO yepes 9 micauiB nicns BHECEHHS
copbeHTy cTaHoBUTL 4,2-16,6 % BiAHOCHO NOYaTKOBOI.
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