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Urease-producing bacteria Biotechnology of biocement production for its application in
Biocementation geotechnical and construction engineering is developing as an
Pre-treatment of cells alternative to conventional cement. Biocementation of sand was
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NMPEAOBPOBKA KNITUH YPEA3A-MPOAYKYIOUUX
BAKTEPIA KATIOHAMMU KANbLIIO ond
IHTEHCU®IKALIT BIOLLEMEHTALIT NICKY

B.IL. Cra6HikoB
Hayionansnuii yrieepcumem xapiosux mexnonozit

Biomexnonoeia eupobuuymea Gioyemenmy 0Nl SUKOPUCTHANHHA 8 OVOIeHUYMEI Ma 2e0mexHiyi
'pos3pobnaemscs Ak  anvmepHamusa mpadiyiiinomy yemenmy. Ocnogoro Gioyemenmayii €
AKIMUGHICIb YPeaza-npooyKyIoHux 6axmepiil, axi ¢ NpUCYMHOCII ce408UHI A IOHI8 Kanblfito
VIMGOPIOIOMb KPUCAIY KANBYUMY, WO 36 A3VI0Mb Yacmunky IpyHmy. B cmammi noxasato, wo
nonepeoHs 0OpobKa KIimuH yux OGaxmepiil ioHamMy Kanvyito NiOsUUYE WBUOKICINb Npoyecy
Gioyemenmayii nicky i amenutye xoegiyicnm ginempayii ¢ 2,9 pasis.

Knrwouosi cnoesa: ypeaza-npooyryroui 6axmepii, 6ioyemenmayii, npedobpooxa KimuH

Biotexuomnoris BUpoGHIITBa CIONEMEHTY Ul BUKOPHCTAHHS B OY/UBHMITBI Ta ICOTEXHII
p03p06J'I${€TBCSI B ocTaHHi 20 POKIB B HayKOBHX J1a0OpaTOpISX PI3HUX KpaiH SIK ajlbTepHAaTHBA
Tpa oMy nementy [1 — 3]. OcroBoro g OloreMeHTari € akTHBHICTh ypeas3a-TIpojy-
Kylounx OaxTepilf, sIKi B IPHCYTHOCTI CEUOBHHH Ta 10HIB KaJBIIO YTBOPIOIOTH KPUCTATH
KaJBITUTY 3T1HO PIBHSIHHIO!

(NH,),CO + 2H,0 + Ca® — 2NH," + CaCO; | (D.

AXTHUBIICTL  ypeasa-IpoayKylounx OakrTepilf puximkac mijgpumenma pH orouyiogoro
CepeIOBHILA, IO CIPHSE YTBOPEHHIO HEPO3IMHHOIO KapOOHATY KalIbILIO.

TokazaHo, Imo ypeasa-Tipo/ykyiodi Gakrepii abo GepMeHT ypeasa MOXYTh OYVTH 3acTOCOBAHI YISt
3BSI3yBAHHS YACTHHOK IPYHTY 3aBJSIKH YTBOPEHHIO KAIBIJLY. BIOLeMEHTYBaHES MOXe OyTH Takosk
BHKOPHCTAHO UL YKpUUIGHHS VKJIOHIB, 3allO0ITaHHS IPYHTOBOI eposii, Oy/UBHMITBA JIOII,
I IBUITICHHST CTIMKOCT] Oy IiBelIbHIX MaTepiaiB, JTIKyBaHHs TpImUH Y OeToHi [1 — 3] .
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Bigomo, mo OakTepiaNbHI KIITHHH MAaiOTh HeTaTHBHUH 3apan, a XIMI9HI TpymW, Mo
2 2 3t
O6YMOBJ'IIOIOTB HOTO, MOXKYTh JIETKO 3B’ SA3YBATHCA 3 xariomamu Ca”', Mg™" , Fe’ a6o Fe'' [4],
PoOIIIN KITITHHY IIeHTpaMy KpUCTaizallii Ipu OloneMenTari [ 5]:

Ca’" + HeraTHBHO 3aps/PKeHi TPYIIN Ha OBEPXHI KITITHHI — KIITHHA —
KOMIDTeKe Kiitrna — Ca®" 2
VY mprcyTHOCTI KapOOoHATY Ha MOBEPXHI KIITHHY HOUYNHAETHCS KPUCTATI3AINS KaIbITUTY:
Komreke kitnaa — Ca®” + CO;" — komiieke kiitaaa — CaCOs 3

Biporigno, mo 3aBsku aacopOii GakTepialIbHUX KIITHH Ha MOBEPXHI YaCTHHOK IIICKY, Ha
HUX TaKOX YTBOPIOIOTHCS KPUCTAIH KANBIATY, K1 3B S3YIOTh YaCTHHKH IIICKY.

Meroto jmaHoi poGoTu OyJIo BHBUCHHS MOKJIHMBOCTI IiJIBUINEHHS e(heKTUBHOCTI 0i0-
TIeMeHTaIi MeKy 3a paxyHOK IoIepeHBOI OOpOOKH KIITHH ypeasa-MpoAyKydux Oakrepiit
posurHOM 10HIB Ca

Kynprypameny piguay (KP), To6To cycneHsiio KITHH ankalodiIbHOTO IMTaMy ypeasa-
npoaykylounx Oakrepit Bacillus sp. VS1 [6] 3 xonnenTparmieio 8,8 r© cyxoi Oiomacw/m
BUKOPHCTOBYBAJIH K JUKEPEIO YPeasH. EaKTepil BHPOIIYBAJIK B aepOOHIX YMOBAxX JIO MOYATKY
cTarioHapHoi (as3u pocTy SIK onmcaHo paHime [7].

Jnsa momepenanboi o6pobku 6aKTep1aJ'IBHI/IX xritug, 100 Mo KP 3MiHIYBaJ'IOCSI 3 10 M
posunny CaCly, 100 1/ pH eyminmi gosommm 1 N HCI o 7,0 1 cycnensito ButpuMyBain 30 XB.
BaxrepianpHi KMTHHE BHAQLUIN TeHTprdyryBaHHsM mnpu 5000 g mporsrom 15 xB 1
pecycnenayBaau B 110 v 0,85 % posauny NaCl. Tax cama mporenypa 3 aogaBanmsM 10 mi
Boju 3aMicTh posumHy CaCl, Oyna B xoHTpomi. Posmip kmiTwH abo iX arperaTiB jJo 1 MCIs
0o0poOKH 10HaMH KalbIliio BuMipoBatn Ha Mastersizer 2000 (Malvern Instruments Ltd, UK).
Qotorpadis KITHH Ta iX arperatiB 6yia 3polieHa 3a JOIOMOTOIO €IeKTPOHHOTO CKaHyIOUOoTro
Mikpockotna Zeiss EV050, UK.

BionieMeHTaIlO0 MPOBOJWIN 3 BHKOPUCTAHHSIM JBOX KOMIIOHEHTIB! () PO3UHH KalbIIO-
ceqoBuny, 1Mo MicTuB 41 /1 CaCl, ta 45 1/ cewoBmun, pH gosommwm 1 N HCI mo 7.0; (b)
OakTepialbHa CycHeH3is, 8,8 /L.

BMict xanpmio v mcKy micas OioreMeHTarlii BU3Hawall IMcIsS eKCTpakiii Kambliio 1 N
posaraoM HC1 crangapTHIM METOIOM 3 TUTPYBaHHAM eTIICH IHaMiHTeTpaarieTaToM [8].

BumiproBanns koedirienTa ¢GimbTpanii MpOoBOANIN BH3HAUYSHHSIM Hacy, sike 0yIIo MoTpiOHO
Tt BUTiKaHHA 20 MII BOJIM depe3 3pasok MICKY Micisl GlolleMeHTartii.

EdexruBHicTh akyMyJIsmii KaJplliio B IMICKy BH3HAYAlW IO PI3HUIN MIX KOHIEHTPAIIIEIO
KaJbIIO B PO3UMHI KAIBITI-CeYOBHHA Ta KOHIIEHTPAIII €10 KaTIbIIO B eIIIOSHTI.

ITicok 3 miameTpoM dacTok MeHMT HiK 1,18 MM, 40 mi, GyiIo HacHIaHO y TPH INIACTMACcOBI
KOIOHKH. 20 MIT KyJIbTYpaIbHOI piuH, Mo 6yia oopobiena CaCly, Gyio mofaHo 10 KOJIOHKH 1
JIO TIOKPUTTS HOBerHi micky; 20 M KP 6e3 o6pobku CaCl, , 6ymo fogaHo 10 KOIOHKH 2 10
HOKPUT TS MIOBEPXHI MCKY. 3pa3ku mcKy 3 KP 6yno sammmeno Ha 24 roxmnum. llicmsa mporo
pimHa Gyla BHJaleHa CaMOIUTHBOM I INCOK B KomoHKaX lta 2 Gymo oGpoGmeHo posumHOM
KaJBIit Xmopif-cedoBuHa, 20 MI, HPOTATOM 2 TOAMH (PO3UMH Kalmblilf XIIOpiA-cedoBHHA
perupkymoBain 2 pasn). [licok y koloHI 3 oOpoOmoBay TUIe po3uUHOM KaIbITIH XITopiji-
ceuoBHHA Oe3 JIoaBaHHs ypeas3a-IpoAyKyounx Oakrepiit. O0poOKy MicKy po3dMHAME KaIbITii
XJIOp1/I-CEeUOBHHA OBTOPIOBANH 3 pasm.

I[aHI/H‘/'I eKCIIEpUMEHT OyJIo IOCTaBIeHOo, MO0 TMUOIIe BHBUUTH MeXaHI3M OlolieMeHTarmi.
At mifBuImeHns ajcopOIii KINTHH 10 YaCTHHOK INcKy, OakrepianbHa cycrensis Oyia
00pobiena posduHOM KaTiomiB Ca’ I 3MiHE JI3eTa-TOTE Ay KIITHHHOI IOBEPXHI 3
meratuBHOTO (RCOQ") Ha mno3uTUBHUM (RCOOCa ). OCKUIBKM TIOBEpXHS IICKY Mae
HeraTHBHUH 3apsii, a priori B Gyje Kpame 3B’s3yBaTHCS 3 IO3HTHBHO 3apSOKCHHMHU
KITITHHAMH  TTCIIS 06p061<1/1 OakTepilaTbHUX KIITHH 10HAMH KalbIliio, ale Ie Tpeba Oyio
HIepeBIPUTH B eKCIIePIMEHTI.

3aranbHa eheKTHBHICTh MPEIHINTAL KABIIO B IICKY B eKCICPUMEHTAIBHAX 3paskax Oyia
B Mexax Bix 96,6 % 10 98,5 % Big BHeceHOTo Kaubliifo. BoHa Maifke 30BCIM He 3aliexalia Bl
monepeIHLoi 00podKH 61oMacH PO3UNHOM KaJbIlio (Tadmd. 1).
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Tabnuya 1. XapakTepuCcTHKA 3PA3KiB MICKY Y KOJIOHKAX

Komnonka

TTapamerp ogggg[:;i He06po6neHi §e3
CaClz KJIITHHH KJIITHH

pH 8.9 9.1 7.2

Konnentpanis Ca” B edmoenTe, /1 0,7 0.4 26,2

E¢exTuBHICTS MpenumiTanii KAIbIIIO B WiCKY, % BiJ BHECEHOTO 97.3 98.5 0

KoedirienT pinpTpanii, m/c 2,0:107 5.810° [1.1-10°
XapaxTep pO3OIIIEHHS Kallb-
14 LU0 3a/IMIIABCI HE3MIHHUM JUIS
12 EKCIIEPUMEHTAIbHIX 3Pa3KiB IMCKY.
10 3MiHA KUTBKOCTI aKyMyJIBOBAHOTO

g KaJTBLIO TI0 MIHOMHI 00pOOIeHOTO
MICKy MOKa3aHa Ha puc. 1.

6 Kinuese pH B eduroenTi mpax-

4 THYHO HE BIIPI3HSUTOCS TS EKCITe-

2

0

M KaJIBI[F0/MII TCKy

PHUMEHTAIBHNX KOJIOHOK, HE3aJIeK-
HO BIJ{ BUKOPHCTAHHSI TIONEPENHBOL
0OpOOKM KJITHH PO3YMHOM KaJlb-
0 1 2 3 4 5 6 e .
Tiu6una, oM o 1 Gyna B Mexax Bix 8,6 1o 9,1

. komoHka 1 _,_ KoImOHKa 2 (tabm. 1).

Koediuient ¢inprpauii 6yio
BUMIPSIHUH MICIIsE TPETHOI 00p00-
ku micky. Ilomepemust oOpoOka
KYJIbTYPAIbHOI PIAMHU PO3YHHOM
KaJIbLII0, 3MeHInyBasa koediuieHT Quiptpawii B 2,9 pasiB (tabn. 1). 3meHuieHns xoediuieHTa
¢dinpTparii MPONOPLIOHANBHO 3aMOBHEHHIO MOpP 1 KaHamiB y INCKy, TOOTO IIBHAKOCTI
GiouemenTaiii. MOJIMBOIO TPHYMHOK 30UTBIIEHHS IIBHIKOCTI OlOLIEMEHTALll y BHITAAKY
MpPOBEEeHHsT OlOLEMEHTAIlll TMCKY 3 KITHHAMH ypeasa-MPOAYKYUnx Oakrtepidl, mo Oyso
TOTMEPENHBEO O0OPOOIEHO 10HAMM KaJibIlo, € 3OUTBIIEHHsS MEHTPIB KPHUCTAM3aIli KaJBIUTY
3aBIAKH OLITBII eEeKTHBHOI
agcopOiii KINTHH HA TTCKY.
[HIIOI MOXJIMBOIO NPUYH-
HOK € CTBOPEHHS KIJIITHH-
HUX arperatis mpu oopooLil
GakTepiajibHOI  CyCreHsii
IOHAMH K&JIBLIIO, SKI YTBO-
PIOIOTH  OUIBIIMN TPafleHT
pH 1 xapbonary B TOuULl
ancopOuli Ha MOBEPXHI Tc-
Ky HIXK TTOOTHHOKI KJTITHHU.
CepenHiii po3Mip YacTOK
(xmiTuH) 6e3 06poOKH 10HA-
MH Kajblio OyB | MkMm, B
TOH Yac sIK Ticas oOpoOku
IOHAMH  KaJIbLII0  PO3MIp

Kinsxicts
aKyMyJIbOBAHOIO KaJBII0,

T T T T T d

Puc. 1. Po3nogiieHHs1 akyMY/IbOBAHOTO KAJIBIIII0
B MICKY 1O ri0uui

Signal A = SE1 P

Mag= 3.00KX Time :17:12:37 YaCTOK (K.]'IiTI/IHHI/IX arpe-
Y ; ratiB) Oy 10 MxM (cepenne
Puic. 3. Ilooanuoki ta arperosani kiaituuu Bacillus sp. VS1 3HAQUEHHs) NpU  HAHOLIb-

oMy 3HaueHHl 400 MKM.
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BUCHOBOK

Ilomepenas o6pobka KyIbTypaIbHOL plZ[I/IHI/I PO3THHOM KaJpllilo He BIUIMBalIa Ha
e(eKTUBHICTh aKyMyJLIIlii KapOOHATy KalbIlIO Yy IICKY, ale 361J1LmyBaJ1a TIBUJKICTD
OloreMeHTaITi 1 3MeHNTyBaIa koedirieHT GiibTparii OioreMeToBaHOTo HICKy B 2,9 pasiB. Tomy
11 0OpoOKa peKOMEH Ty €Thes TS 30UTBINICHHS MBUKOCTI Ol0TIeMeHTaIli IPYHTY.
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NMPEAOBPABOTKA KNETOK YPEA3A-
NMPOAYUUPYIOLLUX BAKTEPUA KATUOHAMMU
KAnNnbUUA AN MAHTEHCUOUKALIUU
BMOLLEMEHTUPOBAHUA NECKA

B.II. CrabnuxoB
Hayuonansnwiil yHueepcimem nuiyeabix MexHono2u

Buomexnonoeus npouzeoocmea Ouoyemenma ONs UCHONb306AHUA 6 CHPOUMENbLCTNEE U
2e0MeXHUKe 'PAspabamviaemcs Kak aibIMepHAmuea mpaouytoHHomy yemenmy. OcHogoll
OUOYEMEHMUPOSAHUS A6IACTHCA AKIMUEHOCHb VPeasa-npooyyupyiouux 6akmeputi, Komopule 6
HPUCYIMCINGUI MOYCGUHBL U UOHO8 Kablla 00pazyIon KPUCTHANIbL KATbYUIMA, CEA3bIBAIOUUX
uacmuybl epyHma. B cmamve noxasano, 4mo npedsapumenvHas 0OpabOmKa KNeMmoK SHUX
baxmepuii HOHAMU KATbYUI NOGLIMACH CKOPOCHbL Npoyecca OUOYeMeHMUPOSanIs necka u
yMeHvuiaem koagguyuenm gunsmpayuu ¢ 2,9 pasa.

Knrouesvte cnoea: ypeaza-npooyyupyioupe 6axmepuu, Ouoyemenmayusi, npedobpabomxa
KJNemoK
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