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size of bulbs (analysis), field germination, growth dynamics, development and flowering. In the first
year of vegetation, in addition to Tulipa turkestanica, other species bloomed and formed seeds, which
indicates the success of the introduction of the studied wild tulip species in the subarid conditions of
Turkestan. The results of the study suggest that introduced species of wild tulips may well be donors
of valuable breeding traits.

The introduction success of tulip species is influenced by soil and climatic conditions and
features of the species. The climatic conditions of the Turkestan region are favorable for the
introduction of wild tulip species. The regrowth of wild tulip species in Turkestan in 2023 began in
early February. Depending on the species, the maximum plant growth per day in the studied
introducers is up to 1.0 cm, in the species Tulipa ortopoda, the minimum in Tulipa turkestanica is
0.36 cm and in Tulipa tetraphylla — 0.26 cm. In all species, the most intensive growth is observed
until the first decade of March.

The size of the bulbs is a specific property that affects the field germination of annual
introducers, plant height, flowering dynamics on species characteristics that need to be taken into
account in breeding work. The results of the study suggest that the studied species of wild tulips may
well be donors of valuable breeding traits. According to the results of the first year of study, the most
adapted to the conditions of Turkestan were the species: Tulipa orthopoda and Tulipa tetraphylla.

Key words: tulip, wild species, introduction, biology, growth and development, source material,
breeding.
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MHUKPOBHOJIOTUAJIBIK TOCIUIMEH K¥MJIbI HBIFAUTYFA BACILLUS CEREUS
BAKTEPUACBIH KOJIJAHY

Anoamna

byn makanana TONBIpaKThl HBIFAUTYABIH YHEM/I jKOHE KOpILaFaH OpTara 3UsH KEeNTipMEHUTiH
OMOJIOTHSUIIBIK QICTEp, MUKpOAr3ajiap/sl KOJJaHYy apKblUIbl OMOIEMEHT allyAbl 3epTTey TYypalbl
MaimMeTTep OepiireH. 3epTTey OapachiHa €Ki 9JiC KOJIJaHBUIIbl: MUKPOAF3alapMEH UHBEKIUAIAY
KOHE apanacTbIpy oici. Op SMICTIH €Ki TYpl KOJJaHBUIAbI, UHBEKUUAIAY OMICiHIH (UKCAIUSIIBI
XKoHe (PUKCAIMICHI3 TYpi, al apalacThIpy OSICIHIH CTUPWIACHTEH >KOHE CTHUPUIACHOETeH TYpI.
Buonement any 6apaceiaaa Bacillus cereus Mukpoar3achl KOJIaHBLIBII, KYM/IbI HBIFAWTYFa )KIHE JIe
KYMHBIH OPTYpJli MEXaHUKAIBIK KACHETTEpiH »KaKcapTyra OaFbITTalFaH 3epTTey KYMBICTAPHI
AKYPTi3UTiN, HOTHXKE allbIHIbI.

MukpoOHOIOTUAIBIK SICTIEH KYMIbI HBIFAaUTYyFa KalbI[ui KapOOHATHIH (KaIBIUT) TYHABIPYIbI
KOJIJaHy MYMKIH/IIT1 apThIll, OHBIH KE€H TapaJlyblHa JKoHe 3epTTenyine aibin kenmi. Kasipri yakeiTra
KYMJbl HBIFATyZga Oyl omicTiH OHMOTEXHONOTHSUIBIK MaHBI3BI 30p, 0acka TEXHOJOTHUsIapMeH
CANIBICTBIPFaHIa YKOHOMMKAIIBIK JKaFbIHAH THUIMJII >KOHE Oouamarbl Oap omic OONBITT TaOBLIAJIBI.
3eprrey xyMmbichiga Bacillus cereus mukpoar3anapipl KOiIaHbI, KadbIMid KAPOOHATHIH TYHJBIPY
apKbBLIIbl, KYMHBIH KOJUTOHACHI HBIFAUTHLIIBL.

Herraiitbuiran KyMpl peHTreHorpagusibik skoHe SEM-BSE MHKpOCKOOBI apKbUIBI 3epTTey
OappICbIHAA KYMIAFbl KalblUi KapOOHATTApPBIHBIH OWOIIEMEHTTENTCeHIH allKbIH Kepyre Oonaipl.
CoHBIMEH, KYMBICTBI KOPBIThIHBUTAN KenreHae Bacillus cereus mukpoar3achblH KyMIbI HBIFAUTY
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YIIIH KOJ/IaHyFa OOJAThIHBI JANENJCHI. 3epTTey HOTHKECIHAE MHKpoar3aMeH (DUKCAIHSIIBI
UHBEKINA, (UKCAIMICHI3 WHBEKUUAJAH KYMIbl HBIFAUTBIN CyFa OEpIKTITiH apTThIpAbL. Ad,
apanacteIpy ojici OOWBIHINIA CTEPWIIIEHTCH oOpTaja  OakTepusuiapabl ecipy, MHeHTpudyramay
Ipocecici3 MUKpOar3aiapAblH Ke0ero OelCeHUTIrT MeH KallbIUT KPUCTAAapPBIHBIH Naiina 60rysiHa
Tepic acep KOpCEeTIeH/Ii.

Kinm ce30ep: xanvyum mynbacwe, Bacillus cereus , 6akmepusinap, kym, Holeatimy.

Kipicne

Bykin anemaik mpobieManapapH 0ipi TO3FaH TOMBIPAKTHIH KOOSOl kKoHE MIOJICHTTEHY, KEIIIH
ocepiHeH KyM Teberepi Kolllill, aybUIIIapyabUIbIK KepJiep MeJre aitHaI bl )KOHEe OapIIbIFbl KYMMEH
xaobutanael. Mynaait sxarmainap Kazakcranma kesnmecemi mbicanbl: AkTay, Kpimsuiopna, ATeipay
oObutbIcTapeiHAa. OHIal eHIpJepIe KIMMATTHIK JKaFJaibl MaHabl JaybUIAap/IbIH Taiaa 00TybIHA
eTe Kojailsbl. OraH caOen 0oiaThiH (hakTOpIapra >KaTaThIHAAD, )KAHOBIPCHI3 Y3aK Ke3eHIEp, KyM/Ibl
YKOHE ca3bl MOIIEPAIH KeJIeM/Il ay1aHIapabl alTybl, ©CIMIIIK (DJIOpaCHIHBIH ©CY1HE KOJIAMChI3 OOYHI.
AtanraH ¢akropiap eniMi3aiH 3KOHUMUKAJIBIK JKaF1aiIapblHa alTapibIKTal 3USH KeJITIPAL.

TombIpaKThl HEIFAUTY YIIiH T€OTEXHUKAIIBIK )K00aJIay1a KOJIIaHbUIATEIH JOCTYPIIL QIIICTEP 6T
YHEMCI3, )KoHE KeOlHece KOpIlaraH OpTaHbI 3USHIbI KOMIPTEKTI XUMUSUIIBIK 3aTTAPMEH JIACTANIbI.

TonmbIpakThl HBIFAUTYIBIH OWONOTHSIBIK OICIiHIH Oipi MHKpOar3ajapAblH KOMETIMEH
ounonementey. bizmiH JkyMmbichIMBI3aa Oaktepusi Bacillus cereus kemerimeHn OworieMeHTaIus
JKaCaJTBIH/IBI, KYMJIbI HBIFATyFa JKOHE JI€ OHBIH OPTYpPJi MEXaHHKAIIBIK KaCHETTePIH JKaKcapTyFa
OaFBITTAIFAH YIII 9JTIC APKBUTBI (PHKCAIMSUTBIK HHBEKIIHS, (PUKCAITUSACHI3 HHBEKIIHS KOHE apaacThIPy
o/1ici KONIaHbUIABL. Byit onicTep TOMBIpaKThl KyHApJIaHBIPY MpobiieManapbiH KEeHYIIH €H YHEeM/I1
WHKEHEPITIK menrimaepiniy o0ipi [1].

Kazipri Tanma WHXEHEPIIK MakcaTTapAblH Oipi TaOMFW KYMFa 3USHBIH THUT130€H XUMUSIIBIK,
(MBUKAIBIK, OMOJOTHUSIIBIK KOHE apajac OMIiCTepAl MaijagaHa OTBHIPBHIT KYMHBIH KYHAPJIBIFBIH
apTThIpy [2.3].

et ennepne muicansl, Upan, AKIL, 6ipikker Apad OmipiikTepi, comeH Katap KasakcTaHHBIH
KeH ayJaHaaphIHAa KOITKeH KYMMEH KYPECTiH KeH TapasiFaH TICUTiHIH Oipi, TackiMaaay dfici. by
TOCUIAI KOJIJaHyJla MaTepUaNIbIK LIBIFBIHIAD ©Te Ken >xymcanaibl. COHIBIKTaH, Oy MaceseHi
AKOHOMUKAJIBIK TYPFBIJIAH IIEITY MAaKCAThIHAA, dPTYPJIIl ISCTYPIIl eMeC 3epTTey dicTepi 13AeCTIpuIIi
[4].

bi3 kapacteipran opeOueTTepAeri MoliMeTTep OOWBIHINIA KYMJbl HBIFAWTyFa KOJJAAHBUIFAH
JOCTYPII1 )KOHE KEH TapaJiFaH dICTEPre MEeMEHT-IIIaM Kyl CUSKTBI OHIMIED [5], IeMeHT KyJIi 30J1a-
YHOC, 9K KYJIi- 30J1a-yHOC [6], )KeprKaHFaK KaOBIFBIHBIH KYJI1 dKOHE TAIIIBIK KAJIIBIKTAphI [7], IeMEHT
mansl [1], mmak, 307a-yHOC oHE TeMip THIPOKCUIIHIH KanaslkTapsl [8], [lopTnananeMeHT nex
OUTYM 5MYJIbCUSCHIHBIH KOocmachl [9], ok KelKbUIbI [ 10], reoTekcTunbai Kaiaabikrap [11] kampiuit
Heri3iHaeri TypakTtanaslprbiin [12], marnuit xmopumi [13], currimik NaOH xone NA,SO;
KOMOWHAIMSCBIHAH TYPAThIH aKTHBATOpJIap MaiiaiaHbuiras [14].

buonemenTanus kaHa OarbIT OONFAaHIBIKTAaH KYMJIbl HBIFAUTYFa, KYMJIbl ©JKEHI
I6JICHTTeHYACH KOpFayFa oHE KONTereH re0TeXHUKAIBIK HHKEHEPIIIK KOChIMINANapAa KOJIJaHyFa
00J1aThIH MPAKTUKAJIBIK O/1iC PETiHAE KapacThlpyFa 6osazpl. [15].

buoriemMeHTTeNTeH KYM  KOJIJIOHHACBIHBIH ~MAaHBI3bl CHUNATTaMallapblHBIH Oipi  OHBIH
OEpIKTITiHIH >KOFapbUIaybl KOHE Cy OTKI3IITITHIH TeMmeHneyi [16,17]. Kym KojuloHAachIHBIH
[IEMEHTEY MpOolleciHe aMMOHUM XJIOPHIIHIH KOHIIEHTPAIUSICHIH KeH ayKbIMbIHIA KOJaHyFa 00maabl
[18]. MoueBuHaHbl aMMOHUN KapOaHOThIHA JI€HiH bIABIpaTa alaThlH OakTepusiap KyMmFa
OTBIPFBI3BLIAIBI, COAAH KEeiH MOYEBHHA MEH KalbIMi XJIopu i 6ap epiTini Kockmaasl. [19.20].

BakTepuss ModeBHHAHBI dHEPrUs Ke3i peTiHJe MaifanaHaabl KOHE KopiuaraH opTaHblH pH
JIeHreliH KOoFapbUIaThill, aMMOHKI MoHAapbiH (NH3") mbrapans 1a Ca?* wone CO3* HMOHJIapbIH
CaCOs perinne tyHablpaasl. Keprimikri pH-TBIH  koFapbulaybl  KeOiHece MHKpOar3a
KaCylIalapblHBIH ~ KPUCTANAAaHybl VIIH HYyKIealus OpTaJbIKTapblHA alHANBIN, KaJbLIUH
TYHOAChIHBIH Ty3UTyiHe cebebmici O6onaapl. KambIuTTiH TyHOACHl Kejeci peakuus TeHJeYiMeH
CUNaTTaNaIbl:
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Ca?*+C0O3*—CaCO0s|
CO(NH,), + 2N, O — 2NH/ + C0%~

Bacillus cereus 6akrepusiceina Oyi1 canajia yikeH Kbi3birymsiiblK Tybil, AKIL, Mpan, [Tosbiia,
Hunepnannel, Eruner memiekerrepinae keHineH 3eprrenreH [21-23]. bipak, Kazakcranmma Oy
canazia 3epTTeysep JKYpri3ijiMereH, CoraH OalJaHBICTBI OCBIHAAN 3€pTTEY JKYPri3yli alIbIMbI3Fa
Makcar eTil KOH/IBIK.

Bacillus cereus 6GakTepusiChIHBIH KYpaMbl ypea3ara aKTUBT1, aMOHHU MOJIIIEPi )KOFapbl OOJIFaH 18
Jla ©3 KapKbIHJBUIBIFBIH cakTaiiabl [24]. buonemenTanusra KoJAaHbUIATEIH OakTepusiap ypeasara
aKTUBTI, TATOT€H/Il €MEC JK9HE 0acKka /1a KopIllaraH opTaJarbl MUpOaF3aiap/blH MaTOreH 11K KaCUeTIH
KO3abIpMaisl [15].

BakrepusinapibiH TachIMangaHybIHA 9CEp €TETIH (PU3UKAIBIK, XUMHSUIBIK KOHE OMOJIOTHSIIBIK
(daktopmap 3eprrenreH. COHBIH 1MIIHIE, XUMUSUIBIK KypamMbl MEH TeMIEpaTypa, KbIKBUIIBIK,
BUIFANIIBIIBIK, PH, CyCHeH3UsHBIH KaJmbl KOJIEMI jKOHE AJIEKTPO(OPE3IIK 9/1ICIIEH HOHIBIK KYIIl
anpIKTanFan [25-27], [29,30]. Co ubIMeH KaTap OakTepusJIapAblH CaHbl, META0OJUKAIIBIK
OeJICeHILIIr1, JKacylllaHblH MINIiHI, MeJIIepl, OpHaNacybl, TUAPOPOOTHIFEI [13], MOHE THIFBI3IBIFBI
[28], KeyeKTiK OpTaHbIH KacHeTTepi, OeTKEeNIIK KypbUIbIMbI aHbIKTasIFaH [30].

Moprencen xoHe Oacka jga rameiMmap [31] Oworiementarust Ooiieiaira Bacillus cereus
OaxkTepusUTapbIH TaiaiaHa OTBIPBINT JANANbIK ChIHAKTAp KYPrisreH. ABTopiiap OHOIIEMEHTTEY
MIPOIIECIH KYM OOJIIIEKTEPiHIH MOJIIEepiHe, aMMOHUHN XJIOPU/IIHIH KOHIIEHTPAIMSICHI HEMece TY3JaHy
MOJIIIIepl apTKaH Ke3/€ KYPri3yre 00JaThIHIABIFIH KOPCETTI.

JI. Ban ITaaccen xone 6ackanap (2010) 6uornieMeHTaIys CUMTATTAUTBIH €H YJIKEH OOJKaMIbI
(daktop F-noteHmans 00JaTBIHBIH aTal KepceTkeH. F-moTenmnuan - 6yi1 skacymranapaplH OeTKeHITiK
AMEKTpP KaOaThIHAAFbl TOTCHITHAIABIH oJieMi. SIFau, Oy gakTop OakTepusiapAblH aare3usichbl MEH
KOJIOHM3AIMSICHI YIIH MaHbI3bI 00bI TaObu1aasl [28]. ExiHmmi MaHbI3abI (GaKTOP MOUYCBHUHAHBIH
BIIIBIPAY JKBUIIAMIBIFBIH XKaTKbI3raH. CoHbIMEH, aBTopiap Bacillus cereus Gakrepusiiapsl akTHBTI
TYpAE MOYEBHHAHBI )KOFAPbl KAPKBIHIBIIBIKTA bIABIPATATHIHBIH aHBIKTAIbI. [32].

Mamepuanoap men adicmep

3epTTey KYMBICBIMBI3/Ia TOPT TYPJIi MaTepuall KOJIaHbUIIbL: KYM, ypea3a akTUBTI OakTepusiiap
xoue kanbiuil xnopuabl (CaCl,) sxone moueBnHa. Kym kosutoHackl AKTay KajgacklHa 4 KM OKETIEeH
OpHAJNIACKaH >KEPACH XUHAJIbIN ajblH/bl. 3epTTeyre naiiagaHraH TaOUFU KYM KypaMbIHAA YCaK
KHUBIPIIBIK TacTap Oap, on oprama ycak (pakuusiisl Kymra xkatanbel (1-kecre). KonpanbuiaTein
KYMHBIH (DU3HKaJIBIK KacHeTTepl MEH XUMUSUIBIK Kypambl l-kectene kepceriiren. Kym opraiia
CUITUIIK THUIIKE >KaTajbl, KypambliHaa kpemuuii (S10,: 96,12%) Gap, cynbdaT Heri3inieri Marepuan
KOK.

Kecre 1 - Konganbuirad KYMHBIH (GU3HKATBIK-XUMHUSITBIK KYPaMbl

Du3nKa-XUMHSUIBIK KACHETTepi Oamem oipairi KyHABLIBIKTApBI
Yiiec canmarsl 2.88 BS
Knaccuduxanuscer KyM
pH 8.18
TDS ppm 449.5
Cl ppm 39.5
SO, ppm 0.0
Sio % 96.12

2 % 0.44

Fe,0, % 1.05
AL,O, % 1.33
cao % 2.39
CaCo,

e  TDS- EpireH 3aTTappIH >KaIbl MeIIIepi
e Ppm- Konnentpamms OipiikTepi apachIHIaFbl KaTbIHAC
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Bacillus cereus 6akrepusiiapbIHBIH KOJUICKLIUSUIBIK IITAMMAAPHI KOJIAHBUIIBI, Oy MaTepua
Acrana  kanmacelHaHnmarbl — HaszapbaeB  yHuBepcuteTiMeH — Oipiaecken — Okocranmapt.kz"
nabopaToOpUsChIHAH AJIBIH/IBIL.

BakTepusiibIK cycneH3UsIHbI JalibIHIQY

Cycrnien3usinbl naiipigaay yiris 1 i cyra 20 /11 ambITKbl SKCTpakThichiMeH 10 r/1 aMMoHMI
XJIOpU/IL )KOHE S5 T/ 1HXIp KOCBUIFaH KBIMIKBUIABIK OpTa JaWbIHIABIN, CTUPHIAL OOy YIIiH
aBTOKJIaBKa KoWbLIIbl. CycnieH3us CybIFaH COH, oran Bacillus cereus Mukpoar3anapbiH OTBIPFBI3BIIL,
a’po0ThI karmaiiaa ecipinai. Ocel opransiH pH 4-ten ecipy ymrin, NaOH cinTicin kocy apksuisl pH
O-ra neifiH KeTKi3UIin, OaKTepHsUIBIK CYCHEH3HMSIHBIH ONTHKAIBIK THIFBI3ABIFE 2,3 (OD600) neitin
KETKI3UII.

XuMHsJIBIK epiTinaiiepai nabinaay

[lemeHTTEWUTIH epITIHIHIH €Ki TYpi AabiHaanabl: 1. Jluctunaenren 2 mutp cyra 1 moms (60,06
/1) KypFaK amlbITKbl SKCTPakT MeH 1 monb moueBuHa (147,02 /i) apanacTelpbulbll, epiTLAL. 2.
HerraliTeiaTeln KyMFa 0ipTe-01pTe KOcaThIH epITIHAIHI kacay YIIiH, 1 mutp nuctunaeHred cyra 0,05
Modb (7,35 /1) KypFrak Kadblui XJIOPUAIH KOCY apKbUIbl JalbIHAAIIB (2-KecTe).

Kecre 2 - [Maiinananblirad epiTinaiHin GU3HKA-XUMHUSJIBIK KacHeTTepi.
ATaysl JducTuiaeHrexn Kaabumii MoueBuHa AMMOHUH Hatpnii
cyra xJaopuii (rpamm) xJaopuai THAPOKCHII
CaCl2
TpaM JIMTp
DKOIOTHSLITBIK 100% 98% 99.5% 99.5% 98%
Ta3aJIbIFbI
IlemenTreiiTin 2 mrtp | - 294,04 u --- ----
epitinainig 1 Typi
LemenTreiiTin 1 mutp 7,35 r/m) --- — |
epiTiHaiHIH 2 Typl
DUBUKATIBIK ToIFbI3 TrIFbI3 ToiFbI3 ToiFbI3 ToiFb3
KaTThuIbIFel 20°C
Uici Tou uici 0ap Uiccis Uiccis Hiccis Hiccis
pH — 5-8 7.5-9.5 4.5-5.5 13-14
Epirimriri 20% cy TonbiFeiMeH TonbiFeIMeH TonbiFeIMeH
(Maccacsl epui epumi epui 111 r/ 100 r
OoiibIHIa%) cy
Morekynanbik - 147.02 60.06 53.49 40.0
Maccachl
Monekynaibik - CaCl, 2H,0 NH,CONH, NH,CI NaOH
dhopmyia
Tyci ATIBIK KOHBIp | AK YHTaK AK KpucTanabl | AK KpuUCTaIIel | AK TYHIpIIIKTi
YHTaK
Tereaerer (1 /| — 1.85 1.35 1.53 2.13
cM3)

Buouemenranusa aaici

buoneMeHTalMsHBIH Y1 9IiC1 KOJIAHBLI/IbI:

1. Unbekuus anictepi (a. 1A sxone 0. 1C yarinepi)

byn anic exi Typre GeiiHeni, aran alTKaH1a, GUKCALUACHI3 HHBEKLUIAP JKOHE (PUKCAIIUSIIBI
UHbEKLHUATIAP.

a. OUKCalUACHI3 MHBEKLUS - CTEPUIIBACHT€H OpTaaa OaKTEepUSIIBIK IITaMM ecipiieni xkoue 200
aitn/muH maiikay xarmaiipiaaa 30°C Temnepatypana 24 carat uHKyOanusiianaael. bakrepusiiapabt
KopekTik opragaH 4000 aifHanpIM/MUH LeHTpudyranay apKblabl Oellin aibll, KyM OaraHachlHA
EHT131II/1.

6. @uKcanusIIbl HHBEKIHS - CTEPUIIbJICHTeH opTaja OakTepusiiblK mram 30°C remmnepatypana
24 carar ecipinai. by onicte nentpudyransl Konnan6ai Gaktepusiap TaOUFH ©CKEH TYpiHAE KYM
OaraHacbhIHA SHT13UIe.

2. Apanactelpy aici, 2 TypaeH Typazs! (a. 2B xone 6. 2D yarinepi)
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a. by Typae GakTepHsUIBIK MTaMMIAp CTEPHIIbICHOCICH KOPEKTIK OpTaFra CHTi3lIesl KoHe
a’poOTer xkarmaiina 30°C temmneparypana 12 carartka mHKyOanusmaHaabl. CyCHEH3USIIBIK OpTa
neHTpudyranaycel3 TiKeIeh KOJIIaHbUIIbL.

0. byn Typae OakTepusIIBIK MITaMMAApP CTEPHIIBICHTEH KOPEKTIK OpTaFa CHTi3UIeNl JKoHE
a’poOTer xkarmaiiina 30°C temneparypana 12 carartka mHKyOanusuiaHaabl. CyCHEH3USIIBIK OpTa
HeHTpudyranaycel3 TiIKeIeH KOJIIaHBUIIbL.

O GHOIIEMEHT epITIHAICIMEH apallaCThIPBUIBIN, KyM OaFaHACBIHBIH ilIiHE KYWbUIaabl. bapibik
CBIHAK YIrinepi 0eame temreparypacbiaaa (25-2)°C xyprizui.

CoHbIMeH KaTap, 9p 3epTTey TOOBbIHA KaJbllMi XJOpPMEH MoueBHHA 12 KyH OOWibl, KyHHE |
PETTEeH KOCHUIBII OTHIPABI.

KyMab! HpIFalTy

AKTay KaJICBIHBIH MAaHBIHJIBIFBI aIIbIK JKa3bIKTHIKTAH aJbIHFAH YCaK TYHIPIIKTI KyM,
na6oporopusana (25-28 C°) xemipinmi. 3eprreyre KONmAaHBIFAH KYMHBIH caaMarbkl 550 T, on
muamerpi 50 mm, Oumikriri 15 cm [IBX mnactukacbiHaH skacanfaH (palbKOHFA OpPHAJIACTHIPBUIIbI
(cyper. 1), panbKOHHBIH YCTIHI1 O€TKI KaOaThl alllbIK, ajl aCTHIHFBI OOJITIHICT] CaHbLIAY THIFBIHMEH
xaobutraH. danbkoHFa canblHFAaH KYMHBIH OWiKTIrT 12 cM xerTi. DajbKOHHBIH YCTIHI1 Oeiri
apKbLIbl MOYEBHHA, Kanblii xiop, Bacillus cereus mukpoar3anapel 6ap cycrieH3ust Kyibuiasl. 20
MHHYT OTKCHHEH KEeWiH Kym/1a 60¢ KeHICTIKTep maiiaa 00apl. boc KeHICTIKTEep/Il KO0 YIIIiH, KYMIbI
apHaiipl OaFaMeH MeXaHWKAIbIK COKKbLIAY apKbUIbI THIFBI3AIbIK, COHBIH HOTHIKECIHIEC KYMHBIH
KejieMl OacTanKbICBIHAH 3 cM  KeMell. ThIFbI3aIFaH KyM MUpPOOpPraHu3IMAEpAl CiHIpY YIIiH 24
caraTka 0enMme Temreparypachkiaa yeranasl. KyMabIH OomikTepid HerauTy ymriH orad 10 ma CaCl,
MeH 10 Mi moyeBuHa ToydhiriHe 1 perreH 12 kyH 00kl KyM KOJUIOHAChlHA KOCBULJBI XKoHE OeIme
TeprepaTypachiHAa KENTIpiIIi.

Cyper 1 - CycneH3usiHbl KyMFa KOCKaHHaH KeWiHT1 KOpiHici.

Homuowcenep

Cyra TYpaKTbLIbIFbI

buonieMeHTTeNreH KYMHBIH YJTUIEPIHIH CyFa TYPAKTBUIBIFBIH TEKcepy YILUIH (albKOHHAH
mbiFapbuIbi, 0,90 - TUTp cy KYHbIIFaH KeieMi 3 — TUTPIIK  TeMip bIIBICKAa OPHAIACTBIPBUIIBI KOHE
24 carar OesMe TeMmmepaTypacbiHna yctanael (2-cyperre). Cyperre kepceTiareHaen, OapibIK
YJITiIep CyFa TYpakThl €KeHiH KepceTTi, Oipak ocel 3eprreyae 1C yirinepin Oacka yiriiepmeH
CaJIBICTBIPFaH/a, OHBIH CyFa TYPaKThUIBIFBI OachiM O0Jbl. AJIBIHFAH HOTHXKeNep OYpbIH LIET enje
xacanran (Erumner) toxipuOenepre colikec keneni [33]. bizain 3eprreyimizae cyra OaThIpbUFaH
KYMHBIH 3aKbIMJIATYHI IIIAMAJIBI HEMece MYJiJeM OalikaamaraHbl KepiHic 6epeni (cypeT 4).
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p—— S — I
Cyper 2 - Cy 3po3usicbiHa OHOIIEMEHTTiH 24 caraTTaH KeHiH allbiFaH KYMHBIH TYPaKTBUTBIFEL.
S. pasterii 6axkrepusiap/ bl KOJIAaHy KYMHBIH HBIFAIOBIH KOFapJIaTKaH.

BuoneMeHTTEeITeH KYMHBIH PEHTT€HHOTPAMMAJIBIK, KOpceTKilTepi

KyMHBIH peHTreHHOrpaMMalTbIK KepceTkimTepin 3eprrey 1C sxone 1 A ynrinepinae sKypri3iii.
TemMenzae (uKcaMsITBI UHBEKIUS JKOHE CTUPEIICHOETeH apanacThlpy OMICIMEH OWOIeMeHTalus
KYPTri3UIreH YATUIepAIH pPEHTTeHOTpaMMachl KepceTUIreH. PeHTreHorpaMmaman KaparaHja
TaObUTFAH HEri3ri ¢azamap Typl KBapIl NeH KainbIUT. HoTmwxkenep KanbIMTTIH >KapThUIal CaHIBIK
MalbI3bl apTKaHBIH KopceTTi. Kanmbuuttiy xakcel qamysl 1C ynriciaae Ke3aeceal )KoHe ManlbI3IbIK
kepceTkim 6,2 Kypaitapl. KanbuTTiH ToMeH namysl 1 A yariciaae KepiHic Oep/i ®oHe KOpCeTKIIT
3,6 maitei3 Kypainael. 1C yiriciHae KadbIUTTIH JKOFapbl TY3UIylHE CYCICH3USHBI JalbIHIQY
epeKIeniri acep KepceTyl MyMmkiH. byn omicte Oakrepuss S. pasteuri  ecipiareH cycreHsus
neHTpudyragan oTKi3iIMereH, OakTepusIapblH KOOCroiHe KOJAWibl JKaFJald TyFaH, COHJIAKTaH
KaJIBIIMTTIH JKOFApFBI Jopexene TysuryiHe aibin keared (Cyper -3).
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Cypert 3 - KymMHbIH peHTreHIiK AudpakiuscbiHbg kepiHici, 1C xkoHe 1A yirinepi.

SEM MHKpPOCKOOBI apKbLJIbI HBIFAHTBIIFaH KYM YJITiJIepiH 3epTTey

Axray KymbIHaH xacanrad 1C MeH 1A ynriciH 3JeKTpOHIbI MUKPOCKOII apKbLIbI 3€pPTTETeH J1e
(8- cyperre), maiima OonFaH KaNbIUT KPUCTAIAPBIHBIH MOP(OIOTHSCH, KOJJAHBLIFAH
OouoneMeHTanMs oiciHe OalllaHbICTBI ©3repeTiHi Oalikanapl. Yriiep ’Kyka KkeMmipTeri KaOaTbIMEeH
xaOputran (mamameH 20 HM). YuarinepaeH SEM-BSE (kepi anexTpoHap) MUKPOCKOOBI apKbLIbl
aJIbIHFaH KecKiHJep BapiaBa KanmacbiHAarbl yHUBepcUTETIH reojorus dakynpretinae NANOFUN
dyakmonanapl Zeiss SIGMA VP nHanomarepuanfapIblH YITTBIK KOI cajallbl aHAIUTUKAIBIK
3eprxaHacbiHna (20 kB ynerkim kepuey, 120 Mxm auadparma skyprisinly apKbUibl) 3epTTeNl.
MHUKpPOCKOIIIIEH TE€K Cy 3PO3UACHIHA TYPaKThl OOJBIM, XKAKChl HOTHXKE KOPCETKEH YJTUIEp/eH FaHa
MOJIIMETTEp aJIbIl, CypeTKe TYCIpii.
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IC yorici - 1A yorici
Cyper 4 - ynri 1C MHKpO cypeT, a: KaJbIUT, 0: KyM TYHIpIIiKTepi, B: OETKEHUIIK KabaThlI.

1A -2 ynricinge KYMHBIH Oip - OipiHe MEKPOOPTaHU3M apKbLIbl OipiKKEHIH Kopyre 001a bl
1C yuricinge (Cyp. 4) kepcerinreHmedl KalbIUT (Da3achIHBIH MOPQOJIOTHSACHI OOIIIEeKTEP IiH
OeTKeHIITiHAe, COHAAN - aK OeJIIeKTep apachliHa Hamap KpucTangaHFad (a3aHbiH (T€Nb TYPIHIEL)
KJIacTepyiepl peTiHAe KopiHeMl KoHe OyJI TeXHHKAJIBIK KaCHeTTepre OH ocep e€Tedl JAem KYTUIyIe.
CypeTTe KYMHBIH KaJBIIUT KPUCTAAAPhl apKBLIBI )KaKChI OIpITiM, KIacTepiaep HeMece 03€K Topi3l
(dhopmaiiap TypiHze O0JaTEIHBI KOPiHIC Oepei.

Kopvimuinowt

3epTTey IKYMBICHIMBI3 KYMJIbI OWOIIEMEHTTEyTre OarbITTalFaH. 3epTXaHAJBIK >Karaanaa
OWoILIeMEeHTAITUS KYPri3uireH AKTay KYMBIHBIH OCpIKTITiH TEKCepy YIIH (QU3UKA-XUMUSIIBIK KOHE
MEXaHUKAIBIK OSKCIEPUMEHTTED OKYPri3immi. 3epTTey HOTHKeciHie Oakrepus S. pasteuri
OCJICeHIUTITTH KOPCETTI, KabIIUA KOMIPTEriMEH OPEKTTECyl apKbLIbl OMOIIEMEHTTEIreH YITIepIiH
OCpIKTITIH apTTHIpyJa MaHBI3IABI poil aTKapAbl. KyMHBIH O€pikTiriHe (puKcanmsuibl HHBEKIUSIIAY,
(bUKcaIusAChI3 UHBEKINS JMICKE KaparaH/a THIMAL OoJabl. 3epTTey HOTHXKeNepl OakTepusiapablH
aAre3usUIbIK OCJICEHIUTITIHE KaJbIUTIICH OPEKeTTeCyl BIKMajd eTim, TyHipurikrep Oip-OipiMeH
HBIFBI3IAJIBIN, OOMiKTep KypAbl, OV KYMHBIH OEpIKTITiH oHE CBHIPTKBI OpTa (haKTopiiapbiHa
TO3IMIUIITH apTTHIPATHIHBIH KOPCETE/].

buonieMeHnaIMsHbl KYprizy OapbIChIHIAaFbl alblHFaH HoTWKenep — Erumerreri Kaup
YHHBEPCHUTETIHIH FAILIMIAPHI )KYPIi3TeH 3epTTey KYMBICBIHBIH HOTIKECIMEH colikec keneni [35].

1C yariciMeH OMOIIEMEHTTENIreH KYMHBIH OCTKEWJIIK O6JIriHae KajbIUT KpUCTAJIapbIHAH
KaJiblH Kabar maiima Oomranbl SEM-BSE MukpockoObl apKplibl aHBIKTaIAbl. byHmaik kabart
HBIFBI3JANIFAaH OMOLIEMEHTKEe Oacka Ja CYHBIKTBHIKTBIH eHyiHe >xon Oepmeiiai. Con  cebenrteH
yirinepre 12 - Toynik 60ibl KOCAThIH MOYEBUHA MEH KaJIbIMM XJIOPJbI CYHBIKTBIFBIH OipTe - OipTe
a3 MeJIIIepMeH KOCY YChIHBUIABL. 3epTTey HOTHKeNepl OOibIHIIIA KOPEKTIK opTana OakTepusiapabl
24 carar OO#bl MHKyOauusiamn, HEHTpU]yTaablK mpouecTepl oTKiz0el KoiganraH Tuimal. bi3
KOJIJIaHFaH 9JIIC KOI KYII, YaKbIT MEH Kypalfgapibl YHEMACUIl KoHEe SKOHOMHUKAIBIK >KaFbIHAH
apTHIKUIBUIBIKTApFA M€, COHBIMEH KaTap VYJIKEH ayMaKTarbl KyMfa OHOILEMEHTAlHs >XYprizy
YKYMBICBIH KEHIUIIETE/I1.

SEM-BSE 3nekTpoHAbl MHUKPOCKOOBI apKblIbl alblHFaH HoTHXeMi3 Cayn ApaOusiChIHBIH
FAJIBIMJIAPBIHBIH 3€PTTEY *KYMBICBIHAH aJIbIHFaH HOTHXKeJepiHe coiikec keneni [36].

CrepunyieHreH optajga  OakrepusiaapAbl ecipil, LeHTpudyraiay IpOCECiHEH oOTKi30ey
onapIblH KeOer OelceHUNri MeH KaJbIUT KpUCTalJapblHBIH Maiia OodyblHa Tepic ocep
kepcermeiini. S. Pasteurii 6akrepusiceiH OMOIIEMEHTALUS 1A KOJIIaHY KYMHBIH OCpiKTIiTiH apTThIpaIsl,
COHJIBIKTAH aybUIIIAPyalIbUTBIFBIHIA KYMIbI HBIFAUTY MaKcaThIHA KOJIaHyFa OOIabl.

IJjeduerrTep Tizim

1. M. El Mashad, A. Hassan, Increasing the strength of sandy-silty soils by mixing with cement
dust, J. Eng. Sci., Assiut University, Department of Eng. 41 (4) (2013) 1-10

135



I3genicrep, notmkenep — Mcenemosanus, pesynbrarsl. Ned (100) 2023, ISSN 2304-3334

2. H.F. Winterkorn, S. Pamukchu, Soil Stabilization and Grouting of Joints, in: Si Fang (ed.),
Handbook of Foundation Design, Second Edition, Wannostrand Reinhold, New York, NY, 1991, p.
317.

3. C. Sirivitmaitri, A. Puppala, S. Saride, and L. Hoyos, Combined lime-cement stabilization
for increasing the service life of small roads, trans. J. Transp. Res. Board 2204 (-1) (2011) 140-147.

4. Fauzi, W.M. Nazmi, W.J. Fauzi, Stabilization of Kuantan clay bed using fly ash and bottom
ash, in: 8th International Conference on Geotechnology and Transportation Engineering Geotropika,
2010.

5. M.P.D. Ingunza, C.L. Pereira, O.F.S. Junior, Use of sludge ash as a stabilizing additive in
soil-cement mixtures for use in road pavements, J. Mater. Civil Engl. 27 (7) (2015) 3-5.

6. J.S. Trivedi, S. Nair, C. lyyunni, Optimal use of fly ash to stabilize low quality soil using
genetic algorithm, Proc. Eng. 51 (2013) 250-258.

7. T.M. Krishna, Soil stabilization by peanut shell ash and waste fiber material, Int. J. Innov.
Eng. Technol. 5 (3) (2015) 52-57.

8. M.M.A. Elmashad, Comprehensive research on soil improvement in arid areas using
industrial by-products such as slag, fly ash, waste iron hydroxide mixed with desert dune sand,
Bentonite, cement and/or lime, Doctoral dissertation, Okayama University, Okayama, Japan, 2006.

9. M.S. Baginia, A. Ismaila, B. Heradmand, M.H. Hafezi, R.A. Almanso, Possibilities of
Portland cement-bitumen emulsion mixture for soil stabilization in road base construction,
JurnalTeknologi 65 (2) (2013) 67-72.

10. J. James, P.K. Pandian, Effect of microceramic dust on plasticity and swelling index of lime
stabilized expansive soil, Int. J. Appl. Eng. Res. 10 (42) (2015) 30647-30650.

11. C.S. Bina, Case studies on the application of coco coir geotextile for soil stabilization, in:
International Conference on Case Histories in Geotechnics. Seventh International Conference on
Case Histories in Geotechnics, vol. 5, no. 2, 2013, pp. 67-72.

12. N. Latifi, A. Eisazadeh, A. Marto, K.L. Meehan, Tropical residual soil stabilization: a
powdered material for soil strength improvement, Const. Build. Mater. 147 (2017) 827-836.13. @.

13. Jawad, J. Zheng, Improvement of fine sand by microbial-induced calcite deposition, Brit. J.
Appl. Sci. Technol. 17 (2) (2016) 1-9.

14. N. Muhammad, S. Siddiqua, N. Latifi, Curing earth bed materials using magnesium
leaching: a sustainable construction additive, J. Mater. Civ. Engl. 30 (10) (2018) 1-13.

15. M. Umar, K.A. Kassim, K.T.P. Chiet, Biological process of soil improvement in civil
engineering: a review, J. Rock Mech. Geotechnical Engineering. Eng. 8 (2016) 767-774.

16. L. Cheng, R. Cord-Ruvish, In situ soil cementation by ureolytic bacteria through surface
percolation, Ecol. Eng. 42 (2012) 64-72

17. N.W. Sun, L.M. Lee, T.K. Khun, H.S. Ling, Factors influencing the improvement of
engineering properties of residual soil by microbial-induced calcite deposition, J. Geotech.
Geoenviron. Eng. 140 (5) (2014).

18. B.M. Mortensen, M.J. Haber, J.T. Dejong, L.F. Kaslake, D.C. Nelson, Effect of
environmental factors on microbe-induced calcium carbonate deposition, J. Appl. Microbiol. 111 (2)
(2011) 338-349.

19. M.P. Harkes, L.A. van Paassen, J.L. Buster, W.S. Whiffin, M.C.M. van Lausdrecht,
Fixation and distribution of bacterial activity in sand to induce carbonate deposition for soil
stabilization, Ecol. Engl. 36 (2) (2010) 112-117.

20. R. Cardoso, R. Pedreira, S. Duarte, G. Monteiro, J. Borges, I. Flores-Colen, Biocementation
as a method for rehabilitation of porous materials. New approaches to construction and durability,
Build. Pathol. Rehabilitation. (2016) 99-120, https://doi.org/10.1007/978-981-10-0648-7 5 . 6.

21. Z. Yang, H. Cheng, A study on the effectiveness of a high-strength microbiological mortar
obtained by low-pressure grouting of joints to reinforce failing masonry structures, Const. Build.
Mater. 41 (2013.A) 505-515.

136



I3nenicrep, Hotmxkenep — Mccnenosanus, pe3ynstarsl. Nod (100) 2023, ISSN 2304-3334

22. A. M. Grabeca, J. Starzikb, K. Stefaniac, J. Wierzbicki¢, and D. Zavala, On the possibility
of improving compacted silt soils using the biodeposition method, Const. Build. Mater. 138 (2017)
134-140..

23. M. Li, C. Wen, Y. Li, L. Zhu, Effect of oxygen availability on microbial-induced calcite
deposition (MICP) treatment, Geomicrobiol. J. (2017) 1-18.

24. W.S. Whiffin, Microbial CaCO3 deposition for biocement production, Ph. D. thesis,
Murdoch University, 2004.

25. F. Jawad, J. Zheng, Improvement of fine sand by microbial induced calcite deposition, Brit.
J. Appl. Sci. Technol. 17 (2) (2016) 1-9.

26. A. Sharpe, M.V. Latkar, T. Chakrabarti, Microbially assisted cementation-a
biotechnological approach to improve the mechanical properties of cement, Const. Build. Mater. 135
(2017) 472-476.

27. M. Umar, K.A. Kassim, K.T.P. Cheet, Biological process of soil improvement in civil
engineering: a review, J. Rock Mech. Geotechnical Engineering. Eng. 8 (2016) 767-774.

28. L. Van Paassen, R. Goz, T. Vander Linden, W. Vander Star, M. Van Lausdrecht,
Quantification of biomedical soil improvement by ureolysis: a large-scale biocontamination
experiment, J. Geotech. Geoenviron. Eng. 136 (2010) 1721-1728.

29. V. De Muynck, C. Verbeeken, N. De Beli, and W. Verstraete, Effect of urea and calcium
dosage on the efficiency of bacterially induced carbonate deposition on limestone, Ecol. Eng. 36
(2010) 99-111.

30. J.W.A. Foppen, J.F. Schijven, Transport of E. coli in columns of geochemically
heterogeneous sediments, Water Res. 39 (2005) 3082-3088.

31. V. Achal, M. Li, C. Zhang, Biocement, a recent study in structural engineering: China's
status compared to the rest of the world, Adv. Cem. Res. 26 (2013) 281-291.

32. V. lvanov, V. Stabnikov, Application of microorganisms in geotechnical engineering for in
situ soil biopollution and biocementation, Rev. Environ. Sci. Biotechnol. 7 (2016) 139-153

33. ECP 2001, Egyptian Code of Soil Mechanics, Design and Performance of Foundations,
Standard Bulk Density Test Method, Part 2/202, Section 2-17, pp. 160-166.

34. J. Valencia-Gonzalez, J. Carvalho-Camapum, L.A. Lara-Valencia, Effect of
biomineralization on the profile of tropical soil subject to erosion processes,

35. Abbas M, Mohamed a, Mohie Eldin Elmashad, Nehad M. Shredah ¢ of microbial
biocementation to improve the physico-mechanical properties of sandy soil

36. Abdullah A, Husain Abbas, Mohamed Arab, Abdullah Alsabhan, Wadi Hamid a , Yousef
Al-Salloum a, b, Enzyme-Induced Carbonate Precipitation (EICP)-Based methods for ecofriendly
stabilization of different types of natural sands

References

1. M. El Mashad, A. Hassan, Increasing the strength of sandy-silty soils by mixing with cement
dust, J. Eng. Sci., Assiut University, Department of Eng. 41 (4) (2013) 1-10

2. H.F. Winterkorn, S. Pamukchu, Soil Stabilization and Grouting of Joints, in: Si Fang (ed.),
Handbook of Foundation Design, Second Edition, Wannostrand Reinhold, New York, NY, 1991, p.
317.

3. C. Sirivitmaitri, A. Puppala, S. Saride, and L. Hoyos, Combined lime-cement stabilization
for increasing the service life of small roads, trans. J. Transp. Res. Board 2204 (-1) (2011) 140-147.

4. Fauzi, W.M. Nazmi, W.J. Fauzi, Stabilization of Kuantan clay bed using fly ash and bottom
ash, in: 8th International Conference on Geotechnology and Transportation Engineering Geotropika,
2010.

5. M.P.D. Ingunza, C.L. Pereira, O.F.S. Junior, Use of sludge ash as a stabilizing additive in
soil-cement mixtures for use in road pavements, J. Mater. Civil Engl. 27 (7) (2015) 3-5.

6. J.S. Trivedi, S. Nair, C. lyyunni, Optimal use of fly ash to stabilize low quality soil using
genetic algorithm, Proc. Eng. 51 (2013) 250-258.

137



I3genicrep, notmkenep — Mcenemosanus, pesynbrarsl. Ned (100) 2023, ISSN 2304-3334

7. T.M. Krishna, Soil stabilization by peanut shell ash and waste fiber material, Int. J. Innov.
Eng. Technol. 5 (3) (2015) 52-57.

8. M.M.A. Elmashad, Comprehensive research on soil improvement in arid areas using
industrial by-products such as slag, fly ash, waste iron hydroxide mixed with desert dune sand,
Bentonite, cement and/or lime, Doctoral dissertation, Okayama University, Okayama, Japan, 2006.

9. M.S. Baginia, A. Ismaila, B. Heradmand, M.H. Hafezi, R.A. Almanso, Possibilities of
Portland cement-bitumen emulsion mixture for soil stabilization in road base construction,
JurnalTeknologi 65 (2) (2013) 67-72.

10. J. James, P.K. Pandian, Effect of microceramic dust on plasticity and swelling index of lime
stabilized expansive soil, Int. J. Appl. Eng. Res. 10 (42) (2015) 30647-30650.

11. C.S. Bina, Case studies on the application of coco coir geotextile for soil stabilization, in:
International Conference on Case Histories in Geotechnics. Seventh International Conference on
Case Histories in Geotechnics, vol. 5, no. 2, 2013, pp. 67-72.

12. N. Latifi, A. Eisazadeh, A. Marto, K.L. Meehan, Tropical residual soil stabilization: a
powdered material for soil strength improvement, Const. Build. Mater. 147 (2017) 827-836.13. @.

13. Jawad, J. Zheng, Improvement of fine sand by microbial-induced calcite deposition, Brit. J.
Appl. Sci. Technol. 17 (2) (2016) 1-9.

14. N. Muhammad, S. Siddiqua, N. Latifi, Curing earth bed materials using magnesium
leaching: a sustainable construction additive, J. Mater. Civ. Engl. 30 (10) (2018) 1-13.

15. M. Umar, K.A. Kassim, K.T.P. Chiet, Biological process of soil improvement in civil
engineering: a review, J. Rock Mech. Geotechnical Engineering. Eng. 8 (2016) 767-774.

16. L. Cheng, R. Cord-Ruvish, In situ soil cementation by ureolytic bacteria through surface
percolation, Ecol. Eng. 42 (2012) 64-72

17. N.W. Sun, L.M. Lee, T.K. Khun, H.S. Ling, Factors influencing the improvement of
engineering properties of residual soil by microbial-induced calcite deposition, J. Geotech.
Geoenviron. Eng. 140 (5) (2014).

18. B.M. Mortensen, M.J. Haber, J.T. Dejong, L.F. Kaslake, D.C. Nelson, Effect of
environmental factors on microbe-induced calcium carbonate deposition, J. Appl. Microbiol. 111 (2)
(2011) 338-349.

19. M.P. Harkes, L.A. van Paassen, J.L. Buster, W.S. Whiffin, M.C.M. van Lausdrecht,
Fixation and distribution of bacterial activity in sand to induce carbonate deposition for soil
stabilization, Ecol. Engl. 36 (2) (2010) 112-117.

20. R. Cardoso, R. Pedreira, S. Duarte, G. Monteiro, J. Borges, I. Flores-Colen, Biocementation
as a method for rehabilitation of porous materials. New approaches to construction and durability,
Build. Pathol. Rehabilitation. (2016) 99-120, https://doi.org/10.1007/978-981-10-0648-7_5 . 6.

21. Z. Yang, H. Cheng, A study on the effectiveness of a high-strength microbiological mortar
obtained by low-pressure grouting of joints to reinforce failing masonry structures, Const. Build.
Mater. 41 (2013.A) 505-515.

22. A. M. Grabeca, J. Starzikb, K. Stefaniac, J. Wierzbicki¢, and D. Zavala, On the possibility
of improving compacted silt soils using the biodeposition method, Const. Build. Mater. 138 (2017)
134-140..

23. M. Li, C. Wen, Y. Li, L. Zhu, Effect of oxygen availability on microbial-induced calcite
deposition (MICP) treatment, Geomicrobiol. J. (2017) 1-18.

24. W.S. Whiffin, Microbial CaCO3 deposition for biocement production, Ph. D. thesis,
Murdoch University, 2004.

25. F. Jawad, J. Zheng, Improvement of fine sand by microbial induced calcite deposition, Brit.
J. Appl. Sci. Technol. 17 (2) (2016) 1-9.

26. A. Sharpe, M.V. Latkar, T. Chakrabarti, Microbially assisted cementation-a
biotechnological approach to improve the mechanical properties of cement, Const. Build. Mater. 135
(2017) 472-476.

27. M. Umar, K.A. Kassim, K.T.P. Cheet, Biological process of soil improvement in civil
engineering: a review, J. Rock Mech. Geotechnical Engineering. Eng. 8 (2016) 767-774.

138



I3nenicrep, Hotmxkenep — Mccnenosanus, pe3ynstarsl. Nod (100) 2023, ISSN 2304-3334

28. L. Van Paassen, R. Goz, T. Vander Linden, W. Vander Star, M. Van Lausdrecht,
Quantification of biomedical soil improvement by ureolysis: a large-scale biocontamination
experiment, J. Geotech. Geoenviron. Eng. 136 (2010) 1721-1728.

29. V. De Muynck, C. Verbeeken, N. De Beli, and W. Verstraete, Effect of urea and calcium
dosage on the efficiency of bacterially induced carbonate deposition on limestone, Ecol. Eng. 36
(2010) 99-111.

30. JW.A. Foppen, J.F. Schijven, Transport of E. coli in columns of geochemically
heterogeneous sediments, Water Res. 39 (2005) 3082-3088.

31. V. Achal, M. Li, C. Zhang, Biocement, a recent study in structural engineering: China's
status compared to the rest of the world, Adv. Cem. Res. 26 (2013) 281-291.

32. V. lvanov, V. Stabnikov, Application of microorganisms in geotechnical engineering for in
situ soil biopollution and biocementation, Rev. Environ. Sci. Biotechnol. 7 (2016) 139-153

33. ECP 2001, Egyptian Code of Soil Mechanics, Design and Performance of Foundations,
Standard Bulk Density Test Method, Part 2/202, Section 2-17, pp. 160-166.

34. J. Valencia-Gonzalez, J. Carvalho-Camapum, L.A. Lara-Valencia, Effect of
biomineralization on the profile of tropical soil subject to erosion processes,

35. Abbas M, Mohamed a, Mohie Eldin Elmashad, Nehad M. Shredah ¢ of microbial
biocementation to improve the physico-mechanical properties of sandy soil

36. Abdullah A, Husain Abbas, Mohamed Arab, Abdullah Alsabhan, Wadi Hamid a , Yousef
Al-Salloum a, b, Enzyme-Induced Carbonate Precipitation (EICP)-Based methods for ecofriendly
stabilization of different types of natural sands

B.T. Zhanatayev **, Z.B. Tunshbayeva !, A.N. Leonov 2, A.B. Toktamyssova?, G. T. Tuleeva 2
! Abai Kazakh National Pedagogical University Almaty, Kazakhstan,
bauyrzhan_zhanataev2@mail.ru*, alua2002@yandex.kz,

2 Kazakh-Russian Medical University, Almaty, Kazakhstan, alex.leonov@bk.ru,
a.toktamys@mail.ru, tuleeva.gulmira@bk.ru
APPLICATION OF BACILLUS CEREUS BACTERIA TO STRENGTHEN SAND IN A
MICROBIOLOGICAL WAY

Abstract

This article presents an ecological and biological harmless method, soil strengthening using
microorganisms, to produce biocement. Two methods were used in the study: microbial injection and
mixing method. Two types of each method were used: a fixed and non-fixed form of injection and a
styrylated and untyrylated form of mixing method. The microorganism Bacillus cereus was used in
the process of biocement production, studies were carried out to strengthen the sand and improve
various mechanical properties of the sand, and the results were obtained.

The possibility of using calcium carbonate (calcite) precipitation to strengthen sand by
microbiological method has increased, leading to its widespread dissemination and study. At present,
the method of strengthening sand has a great biotechnological significance, is a cost-effective and
promising method compared with other technologies. In the research work using Bacillus cereus
microorganisms, a collon of sand was strengthened by calcium carbonate precipitation.

When examining the biocement with the SEM-BSE microscope and X-rays, the calcium
carbonates can be clearly seen. So, summarizing the work, it was proved that the microorganism
Bacillus cereus can be used to strengthen the sand. In a study of sand strength in water erosion proved
that the fixation injection is more effective than the injection without fixation.

According to the mixing method, culturing bacteria in sterile medium without centrifugation
has no negative effect on the reproductive activity of microorganisms and the formation of calcite
crystals.

Key words: calcite precipitate, Bacillus cereus , bacteria, sand, strengthening.
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INPUMEHEHUME BAKTEPUU BACILLUS CEREUS JJIS1 YKPEIIJIEHUS ITIECKA
MHUKPOBUOJIOTI'NMYECKHUM CIIOCOBOM

Annomauusn

B nmanHOW craThe mNpeacTaBiICHBI SKOJOTMUECKH M OMOJOTUYECKUI OE3BPEIHBIN METO/,
YKPEIUICHUSI TI0OYB C UCIOJIb30BAaHUEM MHKPOOPTaHHU3MOB, IS TOJNydeHHUs OuoriemeHta. B xojme
WCCIICIOBaHNUS OBLIM HCIIOJIB30BAHBI J[BA METOJA: HWHBEKIUS MHKPOOPTAaHU3MOB W METOJ
CMeIIUBaHUs. BblIM HCIIOIb30BaHBI IBA THITA KAXK0T0 METO/1a: (PMKCHPOBAaHHAS U He(PUKCAITHOHHAS
dbopMa MHBEKIIMH W CTUPUIMPOBAHHAS W HECTUPWIMPOBAaHHAS (GopMa METojaa CMeElIMBaHus. B
npoliecce Mojay4eHus: OuoreMeHTa ObUT UCTIONb30BaH MUKpoopranu3m Bacillus cereus , mposeneHs
WCCIICJIOBAHNS HANpaBJICHHBIC HAa YKPEIUICHHWE TIecKa W YIyYIIeHHWE Pa3InIHBIX MEXaHUYCeCKHX
CBOMCTB I1€CKa, U IMOJYyYEHBIN PE3yJIbTATHI.

B03MOKHOCTS TPUMEHEHHUSI OCaKICHHS KapOoOHaTa Kaublus (KaJbI[UTa) JUIS YKPEIJICHHS
recka MUKPOOHOJIOTHYECKUM METOJIOM BO3pOCia, UYTO MPHUBEIIO K €r0 ITUPOKOMY PaCIpOCTPAHSHHUIO
¥ U3y4eHuto. B HacTosIiee BpeMsl METOJ] YKPEIUICHUH ITeCKa MMeeT OOJIbIII0e OMOTEXHOJIOTHIECKOE
3HAYEHHUE, ABJSETCA SKOHOMHUYECKU S(P(PEKTHBHBIM U MEPCICKTHUBHBIM METOJOM IO CPaBHEHHUIO C
JIPYTHMH TEXHOJOTHSAMHU. B mcciemoBaTenbckoit paboTe ¢ MCIHOIB30BAaHUEM MHUKPOOPTaHU3MOB
Bacillus cereus 6pu1a ykperuieHa KOJUTOHA MECKa IMyTeM O0CaXICHHS KapOoHaTa KalbIHs.

[Ipu uccnegoBanum OmoneMmeHTa ¢ momoibio Mukpockona SEM-BSE u pentrenorpadumu,
MO>KHO YETKO YBUICTh KapOOHATOB KaJbIUs. VTak, MMOABOIA HTOTH PA0OTHI, OBLIO JOKA3aHO YTO JJIs
YKpPEIUICHHs [TeCKa MOYHO HCII0JIp30BaTh MuKpoopranusm Bacillus cereus . B nccienoBanue necka
Ha MPOYHOCTh B BOJSHOM 3pO3HMH JIOKa3aHa, 4To (PUKCHPYIOIIas WHBEKIUSA ()()EKTUBHBIA YeM
WHBEKINHU 0e3 huKCaIu.

I[To w™meTtomy cMmemuBaHME KyJIbTHBHpPOBaHHE OakTepuid B CTEepWIbHOW cperme 0e3
HEHTPU(PYTUPOBAaHUS HE OKa3bIBACT HEraTUBHOIO BIUSHUS Ha PENPOIYKTHBHYK) aKTHBHOCTh
MHKPOOPTIaHU3MOB U 00pa30BaHKE KPUCTAIOB KaJIBIIUTA.

Knroueewie cnoea: xaneuut, Bacillus cereus , 6aktepun, ecok, yKperuieHue.
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